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' PREFACE

/

This report results from research éupported by the Depart-
ment of Transportation, Federal kailroad Administration, Office
of Research and Development under Contract DOT-FR—773—4236,
"Evaluation and Assessment of Signal/Control System Equipment
and Technology".

) This contract covers the first phase of a multi-phased
program directed at the upgrading of signal and control systems
on Amtrak intercity routes for high speed 255 km/h (160 MPH)
passenger trains.

The study contract includes fhe following seven (7) separate
but interrelated tasks:

Task 1 - "Assessment of Signal/Control Technology and
Literature Review"

Survey and assessment of the technologies incor-
porated in current signal and control practice;
literature review and reference.

Task 2 - "Status of Present Signal/Control Equipment"

Review and analysis of major domestic and foreign
railroad signaling systems now in'use; discussion
of candidate systems for adoption by Amtrak; rec-
ommendations for further activity.

Task 3 - "Standardization, Signal Types, Titles"

Analysis with emphasis on standardization of domes~-
tic operating rules and equipment, including signal
types, aspects, titles and standards; analysis of
impact of FRA Rules, Standards and Instructions
(RS&I) on development of improved systems; recom-—
mendations for standardization.



Task 4

"Electrical Noise Disturbance"

Study of causes of electrical'noise disturbance

or EMI (Electromagnetic Interference) as it
relates to signaling; recommendations on both
rolling stock and wayside signaling equipment

to reduce-'and contain EMI radiation to acceptable .
levels.

Task 5 "Economic Studies"

Economic aspects of potential improved 51gna11ng
systems including capital and operational costs,
reliability and maintainability, effects of
standards, costs savings and benefits. '

Task 6

"Specification Development"

Functional specification for an improved. signal/

control system to be used by Amtrak in intercity

passenger rail operatlon at speeds up to 255 km/h
"~ (160 MPH).

Task 7 "Final Report"

Final report incorporating findings of Task 1
through 6 of this study and 1nc1ud1ng recommenda-
tions for further work that may be pursued in-
"support of improved signaling systems, their
application and utilization.

This document reports the findings of Task 3 - "Standardiza-
tion, Signal Types, Titles". This task was accomplished through
a review of technical reports and papers both domestic and
foreign; a review of data taken during on-site visits to domestic
and foreign railroad and transit systems; and interviews with
technical and managerial personnel associated with railroadé,
trénsit systems, manufacturers, government agencies, and engi-

neering associations.

The authors wish to acknowledge with appreciation, the
efforts and cooperation given by the many individuals in
governments, railroads, transit systems, signal manufacturers,

3
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universities, trade associations, the signal industry, and

elsewhere who contributed so greatiy to the overall effort.

To single out individuals who were especially helpful
would risk overlooking others who also provided valuable
assistance. Therefore, our sincere gratitude is extended

to all who were contacted and assisted on the project.

The contents of this report represent the views of the
authors, who are responsible for the facts and the accuracy
of the data presented herein. This report does not constitute

a standard, specification or regulation.
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SECTION 1.0

INTRODUCTION

This task report presents the results of Task 3 of the DOT
contract DOT-FR-773-4236, entitled "Evaluation and Assessment of
Signal/Control Equipment and Technology". The Task 1 Final
Report, Document Reference 394, Appendix A, assesses the specific
technologies available for use in the design of signal/control
systems, and Task 2 Final Report, Document Reference 395, Appen-
dix A, the status of present signal/control systems. This
report provides a description and assessment of signal aspects,
titles and indications along with operating standards and regula-

tions.

1.1 Purpose and Scope

The purpose of this report is to relate the status of pre-
sent equipment, systems and standards used on passenger train
routes throughout the world; to compare the advantages and dis-
advantages of selected domestic and foreign signal/control sys-
tems; and to recommend a standard set of rules, aspects, titles
and indications. A review of signaling on the routes over which
Amtrak operates was made in order to avoid a recommendation of a
final signal system that would be incompatible with existing

signal systems or future electrification.

1.2 Procedure
As in Tasks 1 and 2, the initial activity was concentrated

on a review of existing literature. The Railroad Research Infor-
mation Service (RRIS) bulletins were utilized to identify appli-
cable documents in the time period 1973 to 1977. Since these
bulletins are issued biannually, a separate search was conducted
by RRIS to identify documents released early in the calendar

year 1978. Other sources of data were also identified and util-

ized such as the National Technical Information Service (NTIS),



and various public, private, and university libraries. The
technical publications were received from several sources with
the principal contributors being the Northwestern University
Transportation Center Library and the International Union of
Railways (UIC), Office of Research and Experiment (ORE) Library.
Over’400 documents were accumulated and reviewed in the conduct
of the overall progrém. Additionally, 14 transportation period-
icals subscribed to were reviewed continuously to obtain curfent
téchnical data. |

_Based onkthese data, detailed queStionnaires were developed-
and sent to railroads on which Amtrak operates, transit proper-
ties, and suppliers to obtain Speéific‘information for each
. signal system. Responses were obtained from the domestic rail-
roads, several European rail systems, the transit propérties and

suppliers. Based on these responses, survey trips were made to
obtain additional data and to physically inspect the sYstems.

In the U.S., the Chicago Transit Authority and the Bay Areé
Rapid Transit system in San Francisco were surveyed. Railroads
on which Amtrak operates were included in the U.S. portion of

the railroad survey which included Visits/to the Union Pacific,
Chessie System, Burlington Northern and Southerh Pacific rail-
roads. The European properties visited included British Rail
(BR), London Transport,hFrench National Railroads (SNCF), German
Federal Railroad (DB), Munich S-Bahn and U—Bahn systems, and the
Italian State Railways (FS). Also, the British Columbia Railway
(BC) in Canada was visited. The U.S. suppliers surveyed in-
cluded General Railway Signal Co. (GRS), Union Switch and Signal
(US&S) Division of Westinghouse Airbrake Co. (WABCO), Westinghouse
Electric Co. (WELCO), Harmon Electronics, Transcontrol Corp.,
Safetran Systems Corporation, and Thomson-Ramo-Woldridge (TRW.)
Foreign suppliers surveyed were General Signal Company (Gsc),
Division of . General Electric Company - (GEC) and Westinghouse Brake
‘and Signal in England; Seimens Corporation and Standard Eleétric
Lorenz (SEL) in Germany; and WABCO in Italy.



1.3 Background

Present day signal/control systems vary in complexity from
fixed signs, written train orders, to the more sophisticated\
computer aided Traffic Control Systems (TCS).

Since the major differences between signaling and controi
systems implemented in the U.S. and Europe are due, in large
part, to the design philosophy involved, it is important that
the reader have knowledge of the philosophical background in-

volved.

In the United States, railroad signal and control systems
began to evolve in the last decade of the 19th century. Each
railroad worked’with the existing suppliers to improve opera-
tional safety and efficiency through the use of innovative
designs. As a result of this relatively ungbntrolled develop-
ment, a somewhat chaotic evolution took pléce during the period
from 1900 to about 1930; As early as 1906,  steps ere‘being
taken to introduce Federal regulation, but real controls were
not established until the enactmeht of the Transportation Act
in 1920. This Act gave the Interstate Commerce Commission (ICC)
authority to establish and enforce specifications for signaling
equipment and to establish requirements for operatidn and mainte- -

nance of these equipments.
During this period an organization evolved within the'rail—
‘'road industry which fostered a cooperative effort in signal
technology. Initially a coalition of railroad signalhenéineers,
it was subsequently expanded to include supplier representation.
This organization; known today as the.Cdmmunication and Signal
(C&S) Section of the Assoéiation of American Railroads (AAR),
was largely responsible for preparation of current standards for
désign, installation and maintenance. In 1922 the ICC, after
conducting hearings on the subject, ordered 40 railroads to
install automatic traip stdps or ‘train control devices on at



least one of thelr passenger serv1ce lelSlonS.‘ A reVISlon to
" this order was 1ssued in 1924 to expand the total number of ‘
rallroads to 91. G1ven thlS 1mpetus, suppllers and rallroads
developed both contlnuous and 1nterm1ttent cab 51gna11ng sys-—
tems. Contlnuous ac track c1rcu1ts u51ng code rates of 75 120
and 180 pulses per minute had become the most common cab 51gnal—

ing system prior to World War II.

The Signal Inspection Act of l937fgave the'Iéé‘additional
authorlty to control these systems. The constralnts of cab
s1gna11ng, traln control or train stops were made mandatory (ICC
Order 29543) for operatlon above 130 km/h (80 MPH) and requlred
for all tralns running 1n cab 51gnal traln control or train stop
terrltory. After World War II the character of rallroad operatlons
changed dramatlcally. The 1mpact of the 1ncreased avallablllty of
automoblles and 1mproved hlghways resulted in a decreased demand
for passenger rallroad serv1ce This trend was accelerated by the
rapid development of a1r transportatlon and cross- country bus;
systems. Meanwhile the rallroads, faced with ever mounting mainte-
nance costs, concentrated ‘on frelght trafflc with fewer but much
longer and heav1er tonnage tralns., One result of thlS act1v1ty
was a decrease in traln speeds, and 51nce train stops, traln
control or cab 51gnallng were not requlred below 130 km/h (80
MPH) most automatlc equlpment was removed ‘ The end result is
that, while there has been llmlted lntroductlon of SOlld state »
technology,'the remalnlng cab s1gnal systems 1n use on U.s.
railroads for the most part 1ncorporate 30 to 40 year old
technology
) On the other hand, A%he nééa‘td move freight efficiently and
economlcally has led to a rapld development of hlghly sophisti-
cated centrallzed trafflc control systems (TCS) These systems

came into be1ng 1n the mld 1930 s as pure hardware 1mp1ementatlons.



Their use has steadily expanded over the years. By providing
real time information to remote supervisory centers they have
made possible the elimination of many manned signal towers and
reduced or eliminated the use of train orders to govern train
operations. The recent availability of minicomputers and micro-

processors has expanded the functional capabilities of TCS.

In Europe and Japan the development pattern of railroads
was somewhat similar to that in the U.S. prior to World War II.
The principal difference was that priority was placed on passen-
ger train operation, and the traffic density in these countries
was somewhat higher than in the U.S. After World War II, the
develpment patterns markedly diverged. Because of wartime
devastation in Europe and Japan, the top priority was placed on
redevelopment of the rail transportation systems. This resulted
in a continued passenger train market and the need for much
higher train densities (shorter headways) than were utilized
prior to World War II. These requirements forced a rapid growth
in cab signaling and ultimately full automatic train control.

The UIC, through its ORE, developed standards for new sig-
naling systems for the European countries and a similar effort
took place in Japan. Since the purpose of such systems is to
provide increased safety, the development program was appropri-
ately directed and the design standards were rewritten to reflect
the new technologies as they became available. 1In both Europe
and Japan, the use of redundancy to achieve fail-safe operation
is common and implementation of redundant voting computers and
microprocessors is becoming a standard means of achieving highly
secure, fail-operational system capability.

The first use of a fully computerized train control system
took place in Japan on the Shinkansen line which became opera-
tional in 1964. This high speed system operates up to 220 km/h



(135 MPH) on 7-minute headways and has proven so successful that
the Japanese National Railways (JNR) have implemented the basic
design of the signal/control and communication system as the
standared for all JNR. In Europe, the intermittent cab signaling
system which was standard prior to World War II has been upgraded
to reflect current technology and is widely used for medium density
operation. High density operation, which requires continuous cab
signaling, is achieved most commonly by the use of ac coded systems
with the running rails as the transmitting media or by use of
digitally modulated audio frequency carriers using inductive loops
as the transmitting elements. The latter of these is standard for

the German railways.

The development of transit systems in the U. S. and
Europe has followed patterns similar to those of the railroads.
The European transit systems utilize essentially the same signaling
design as the railroads except that full automatic train opera-
tion is standard. The U.S. transit properties, with one exception,
utilize standard railroad signaling equipment with cab signaling
or automatic train operation on the newer systems or the upgraded
existing systems. The exception to these technologies is the
Bay Area Rapid Transit system (BART) in the San Francisco-Oakland
area. This system, which became operational in 1972, utilizes
highly sophisticated computer-based signal and control system with

digitally modulated audio frequency carriers.

There are two basic functions in a signal system: one is
train detection and the second is to convey information to the
train engineer or operator. The train detection function can
be accomplished in different ways. In the United States and
throughout much of the world the track circuit is employed to
detect the presence or absence of a train and to provide broken-
rail protection. A track circuit is defined as an electrical
circuit of which the rails form a path. Basically, three types

of circuits are employed:



. dc track circuits
. ac track circuits

. af track circuits

The dc track circuit can be further classified as a neutral,
’polarizéd or coded circuit and the aé can be further classified
by its frequency (normally below 200 Hz) and the code rate. AF
track circuits use audio frequencies usually above 500 Hz and

are normally coded.

In most foreign countries, the track circuit is Psed for
train detection; however, in some instances, train detection is
accomplished by axle counters in conjunction with inductive loops.
This type of detection does not use the rails as part of the

circuit.

The other function of signaling is to convey visual ihforma—
tion which is carried out by color light, searchlight, position
light signals, semaphore or cab signals. The aspect of the sig-
nal cbnveys to the engineer the condition of the track ahead
and in turn he controls the train in accordance with the indica-
tions. Additionally, the wéyside signal can also indicate to the
engineer the route his train will take and/or the speed at which
the train may proceed. In the U.S., signal aspects are normally
used to provide indications of authorized speed (speed signaling),
whifé in Europe wayside signal aspects at interlockings normally/

provide route information (route signaling).

For~higher speed opération on domestic and foreign railroads
some form 6f cab signaling with or without enforced overspeed
control is employed. Such systems are commonly used in conjunc-
tion with wayside block signals but ﬁay be used without them.

l.4 Definitions

For the purpose of this report, the following definitions

of words, terms and phrases used in railroad signal and train



control systems are presented. They are drawn from various
government and industry sources and are intended only as an

aid to understanding'the material contained herein.

Aspect, False Restrictive'- The aspect of a signal that

conveys an indication more restrictive than intended.

Aspect, Signal - The appearance of a fixed signal conveying:

an indication as viewed from the direction of an approaching
train; the appearance of a cab signal conveying an indication as

viewed by an observer in the cab.

Automatic Block Signal System (ABS) - A block signal system

wherein the use of each block is governed by an automatic block

signal, cab signal, or both.

Absolute Permissive Block (APB) - A block signal system

between sidings, consisting of two or more blocks which, when
occupied, cause the opposing fixed entering signal to display

an aspect indicating Stop.

Following movements are governed by intermediate fixed
signals, cab signals, or‘both, whose most restrictive aspects
indicate: Stop, then Proceed at Restricted Speed; or Proceed

at Restricted Speed.

Automatic Train Control (ATC) - The system for automatically

controlling train movement, enforcing train safety and directing
train operations. ATC includes subsystems for Automatic Train
Protection, Automatic Train Supervision and Automatic Train

Operation.

Automatic Train Operation (ATO) - The subsystem within

Automatic Train Control which performs the on-train functions



of speed regulation, program stopping and performance édjust—

ment.

Automatic Train Protection (ATP) - The subsystem within

Automatic Train Control which maintains safe train operation.
ATP subsystems include train detection, train separation,

'interlocking, and speed-limit enforcement.

Automatic Train Stop System - A track-side system working

in conjunction with equipment. installed on;the locomotive, so
arranged that its operation will autdmatically result in. the
application of the air brakes at desiénated restrictions, should
the engineer not respond, until the train has been brought to a

stop.

Automatic Train Supervision (ATS) - The subsystem within

Automatic Train Control which monitors and provides controls

necessary to direct the operation of a system of trains in order

to maintain intended traffic patterns and minimize the effects
of train delays on the operating schedule.

Block - A length of track of defined limits, which may con-

sist of one or more track circuits.

Block, Absolute - A block in which no train is permitted to

enter while it is occupied by another train.

Block - Manuall— A block or series of consecutive blocks,

governed by signals operated manually upon information received

by means of communication between train dispatchers.

" Cab - The compartment of a locomotive from which the pro-
pelling power and power brakes of the train are manually con-
trolled. '

/.



Cab Signal - A signal located in the engineer's compart-

ment or cab, indicating a condition affecting the movement of a

train or engine and used in conjunction with interlocking signals

and in conjunction with or in lieu of block signals.

Cab Signal Sy§tem - A signal system so arranged that way-

side conditions are indicated in the cab or compartment of an

engine.

‘Circuit, Acknowledgment -'A circuit consisting of wire or

other conducting material-installed between the track rails at

each signal in territory where an automatic train stop system
or cab signal system exists. The ATS must be 'a continuous

inductive type with a two-indicator cab signal to enforce

acknowledgment by the engineer at each 51gnal that dlsplays an

3

aspect requiring-a speed reductlon or StOp

5

‘Circuit, Control - An electrical circuit between a source

of electric energy and a device which it operates.

Circuit, Cut-in - A roadway circuit.at the entrance to auto-

matic train,sfop, train control or cab signal terfitory by means

of which locomotive equipment of the continuous inductive type

actuated so as to be in operative condition.

Circuit, Line - A term applied to a signal circuit on an

overhead or underground line.

Circuit, Non-Vital - Any circuit whose function does not

affect the safety of train operation.

r

Circuit, Track - An electrical circuit of which the rails

the track form a part.

-10-
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Circuit, Track; Coded - A track circuit in which the energy

is varied or interrupted periodically.
\

Circuit, Track; High Level ac dc - A track circuit which

employs relatively high alternating current voltage on rails,
low impedance energy source, and transformer-rectifier unit be-

tween rails and direct current track relay.

Circuit, Track; Impulse - A track circuit whose track relay

is activated by controlled high energy pulses of short duration.

Circuit, Track, Overlay - A compatible but different track

circuit, added to an existing track circuit.

Circuit, Track; Phase Selective - An ac track circuit con-

sisting of code transmitters, code following relays and a phase
selective detector unit. Local and operating coils of the re-

lay must be in proper phase relationship.

Circuit, Vital - Any circuit whose function affects the

1

"safety of train operation.

Contact - A conducting part which co-acts with another con-

ducting part to open or close an electric circuit.

Contact, Back - A part of a relay against which the current

carrying portion of the movable neutral member rests, when the

relay is de-energized, so as to form a continuous path for current.

Contact, Front - A part of a relay against which the current

carrying portions of the movable neutral member is held when the

relay is energized,._so as to form a continuous path for current.

Contact, Open - A current carrying member which is open when

the operating unit is in the normal position, which is the pre-

determined position in which the device is set.

-11-



‘Contact, Polar - A part of a relay against which the cur-

rent carrying portion of the movable polar member is held so as

to form a continuous’path for current.

‘Contact, Reverse - A term used to designate a current

‘carrying member when the operated unit is in the reverse

position.

Continuous Control - A type of control in which the locomo-

tive apparatus is constantly in an operative relation with the
track elements and is immediately responsive to a change of con-
ditions in the controlling section which affects train’ movement.

[

' Cut-section - A location other than a signal location  where

/

two -adjoining’ track circuits end within a block.

Device, Acknowledging - A manually operated electric switch

or pneumatic valve on a locomotive equipped with automatic train
stop or.train control device, which can forestall an automatic

brake application or silence the audible-wafning device. ™

Distance, Stopping - The distance between the point where

full service application of brakes is initiated and the point
where the train comes to a stop under its most inefficient. brak-

ing mode from its maximum' authorized speed.

s

Element, Roadway - That portion of the roadway appartus of

automatic train stop, train control or cab signal system, such
as electric circuit, inductor, magnet, ramp or trip arm to which

the locomotive apparatus of such system is directly responsive.

‘Enforced Cab Signaling - A signaling system so arranged that

its operation will automatically result in the application of the-
brakes to bring the train to an allowable speed or to a stop.

-12~



Engineman - The driver or operator of a locomotive, the

term is used synonymously with engineer.
A .

Engineer (Train) - See Engineman.

Fail-Safe - A term used to designate a railway signaling
design principle, whose objective is to eliminate the hazardous .

effects of a failure of a component or system.

False Restrictive (FR) - A failure of a system device or

appliance to indicate or function as intended which results in

greater signal restriction than is required.

False Proceed (FP) - A failure of a system device or, ap-

pliance to indicate or function as intended which results in

a less restrictive indication than is required.

Filter, Electric Wave - A wave filter designed to separate

electric waves of different frequehcies.

Filter, High Pass - A wave filter having a single trans-

mission band extending from some critical or cut-off frequency,
not zero, up to infinite frequency.

Filter, Low Pass - A wave filter having a single trans-

mission ‘band éxtending from zero frequency up to some critical
or cut-off frequency, not infinite. ’

/.

Filter, Low Pass Code - A low pass filtér connected between

coding equipment and line to pass direct current code impulses
and prevent code equipment from shunting carrier and communica-
tion circuits. It prevents line coding contacts from introducing

undesired high frequency currents into the line.

=-13=



Filter, Receiving - A band pass filter associated with the

input circuit of a carrier receiver or repeater.

Filter, Transmitting - A band pass filter associated with

the output circuit of a carrier transmitter or repeater.

/

Filter, Voice and Carrier Pass - A high pass filter that

passes voice frequencies and carrier frequencies and attenuates

frequencies below the 'voice range.

Forestall - The acknowledgment and/or manual speed control
adjustments made by the engineer to preclude an automatic brake

application by an automatic train stop or train control device.

Frequency - The number of cycles through which an alﬁern@t-

ing current passes per unit time.

Impedance - The apparent resistance in an electric circuit
to the flow of an alterhating current, analogous to the actual
electrical resistance to a direct current, being the ratio of
electromotive force to the current.

Indication, Signal'— The order or instruction that is apparent

to the engineer from a given signal aspect.

Indicator, Cab; Auaible‘- A device (usually air whistle),

located in cab equipped with cab signals, designed to sound when

" cab signal changes and continues to sound until ackhowledged.

» Insulated Joint - rail joint in which electrical insulation .

is provided between adjoining rails.

Interlocking - An arrangement of signals and signal appli-

ances operated from an interlocking machine and so interconnected

by means of mechanical or electric locking that their movements

’
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must succeed each other in proper seduence. Train movements
over all routes are governed by signal indication. Inter-
locking also refers to the territory where switches are used

to connect multiple tracks and routes.

Interlocking, Automatic - An arrangement of signals, with

or without other signal appliances, which function in response
to relay opération and circuit logic as distinguished from those
which function by manual control. Automatic interlockings are
so interconnected. by means 6f electric circuits that their move- .
ments must succeed each other in proper sequence. Train move-

ments over all routes are governed by signal indication.’

Interlocking Limits - The track between the home signals

of an interlocking. -

Interlocking, Manual - An arrangement of signals and signal

appliances operated from an interlocking machine and so inter-
connected by means of,mechaﬁical and/or electric locking that
their movements must succeed each other in proper'sequence.

Train movements over all routes are governed by signal indica-

tion.

Interlocking, Relay Type - An arrangement of signals, with

or without other signal appliances, operated either from a con-
trol machine or automatically, and interconnected by means of
electric circuits employing relays so that their movements must
succeed each other in proper sequence. Train movements over all
routes are governed by signal indiqation.

i

Intermittent Control - A type of control in which the

locomotive apparatus is affected only at certain designated

points, usually at signal locations.
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Line of Lights Indication - A visual,display, used in con-

junction with a control system, wherein the route called for
and train occupancy is displayed on the console or model board
by a series of lights. '

Mast, Signal - The vertical supporting structure of signals
or signs. Also called a standard. )

N Meet - A preprogrammed or predetermined point where one

train meets another as prescribed by train orders, timetables

or signal indications.
Relay - A device that is operative byfa variation in the
conditions of one electric circuit to affect the operatioh of

other devices in the same or another electric circuit.

Relay, -Biased - A relay which will operate to its energized

position by current of one polarity only, and will return to its

de~energized position when current is removed.

Relay, Centrifugal -~ An alternating current frequency selec-

tive relay in which the‘contacts are operated by a fly ball"

governor or centrifuge driven by an induction motor.

Relay, Code Following - A relay which will follow a code

consisting of a series of electrical pulses and reproduce the

code without distortion within practical limits.:

Relay, Magnetic Stick - A relay, whose armature remains at

full stroke in its last energized position when the coil circuit

is opened.

Relay, Two-Element - A relay, usually alternating current,

haVing two separate windings, both of which must be properly
energized to cause the relay to operate. ) '
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Relay, Vane Type - A type of alternating current relay in

which a light metal disc or vane moves in response to a change.

of the current in the controlling circuit.

L

Resistance, Ballast - The resistance offered by the ballast,

ties, etc., to the flow of leakage current from one rail of a

track circuit to the other.

Resistance, Train Shunt - The actual resistance in ohms from

rail to rail through wheels and axles of a train, engine or car.
This resistance will vary with rail and wheel surface conditions

and with weight of equipment.

Route Locking - Electric locking, effective when :a train

passes a signal displaying an aspect for it to proceed, which
prevents the movement of any switch, moveable.point frog, or
derail in advance of the train within the route entered. It
may be so arranged that as a train clears a track section of

the route, the locking affecting that section is released.

Routing - A function of interlocking whereby a predetermined

course for movement of trains has been established.
. 2 .> .)

Shunting Sensitivity - Shunting sensitivity of a track_cir—

- cuit is:
1. Non—Coded*track'circuit ~ The maximum resistance‘in-ohms&\
which will cause the relay contacts to open when thlS
" resistance is placed between the rails at the most ad—
verse shunting 1ocat10n. )
2. Coded track circuit - The maximum resistance in ohms .

which will prevent the code responsive track relay from
following the code when this resistance is placed be—
tween the rails at ‘the most adverse shuntlng locatlon.

-17-
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Siding - A track auxiliary to the main track for meeting

or passing trains. '

/
Signal - An appliance which conveys information governing

train movements.

Signal, Approach - A fixed signal used in connection with

one or more signals to govern the approach thereto.

Signal, Cab - A signal located in engineer's compartment

or cab, indicating a condition affecting the movement of a train
or engine and used in conjunction with interlocking signals and

in conjunction with or in lieu of block signals.

Signal, Color Light -~ A fixed signal in which the indica-

tions are given by the color of a light or lights only.

‘Signal, Color Position Light - A fixed signal in which the

indications are given by color and the position of two or more
lights.

Signal, Distant - A term synonymous with approach signal.

- Signal, Dwarf - A low home signal.

Signal, Fixed - A signal of fixed location indicating a

specific condition affecting the movement of a train.

Signal, Home - A fixed signal-‘at the entrance of a route or

block to govern trains or engines entering and using that route

or block.

Signal, Interlocking - A roadway signal which governs move-

ments into or within interlocking limits.



Signal, Position Light - A fixed signal in which the indi-

cations are given by the position of two or more lights.

Signal, Semaphore - A signal in which the day indications

are given by the position of semaphore arms. Night indications
are given with a light indication associated with the arm posi-
tion.

Speed, Limited - A speed not exceeding the miles-per-hour

designated by operating codes.

Speed, Medium - A speed not exceeding 40 miles per hour.

Speed, Restricted - A speed that will permit stopping short

of another train or obstruction, but not exceeding 20 miles per

hour.

Speed, Slow - A speed not exceeding 20 miles per hour.

Standard, Signal - The vertical supporting structure for

signals and signs. Also called a mast.

Switch - Spring - A switch equipped with a spring mechanism

arranged to restore the switch points to normal position after

having been trailed through.

System, Absolute Permissive Block - A block signal system

usually from siding to siding, for governing opposing movements
of trains. The fixed signals governing the entrance into an
absolute permissive block displays an aspect indicating Stop when
the block is occupied by an opposing train. For following move-
ments the section between sidings is divided into several blocks
and train movements into these blocks, except the first one, are
governed by intermediate fixed signals, cab signals, or both

The intermediate fixed signals usually display an aspect indicating
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Stop the Proceed at Restricted Speed, and the cab Signal displays
an aspect indicating Proceed at Restricted Speed, as their most

restrictive indications.

System, Automatic Block Signal ~ A series of consecutive
blocks governed by block sighals, cab signals, or both, actuated
!
by a train, or engine, or by certain conditions affecting the

use of a block.

System, Automatic Cab Signal - A system which provides for

the automatic operation of cab signals.

System, Enforced Cab Signal - A signaling system so arranged

that its operation will automatically result in the application
of the brakes to bring the train to an allowable speed or to stop.

Syétem, Block Signal - A method of governing the movement

of trains into or within one or more blocks by block signals_or

cab signals.

3

Title, Signal - The name used to describe the order provided

by a specific signal aspect and indication instruction.

Traffic Control System (TCS) - A block signal system under

which train movements. are authorized by block signals whose indi-
cations supersede the superiority of trains for both opposing and

following movements on the same track.

Train-to-Wayside Communication System (TWC) - A non-vital,-

_ bidirectional, digital data communications system for communi-
cation, at fixed points, between the trains and wayside.

Train - Superior - A train having precedence over another -

train.

-20-



Transmitter, Code - A device that periodically varies an

electrical circuit at a predetermined code frequency.

Transponder (Wayside) - A tuned wayside device, either

active or passive which, when electro-magnetically coupled to a
receiving unit on a locomotive, conveys speed control, location
or other information to the train. The locomotive unit, when

active, is called an interrogator. ' ' : -

Considerable difference in interpretation or meaning of
technical system terms exists within the signal industry. These
different interpretations have often caused confusion between
U.S. railroad and transit signal engineers, aﬁh between meanings
intended by domestic and foreign technical publications. One
group of terms has particular importance in categorizing the
various technologies described in this report: (1) Automatic
Train Control, (2) Automatic Train Operation, (3)'gutdmatic
Train Protection, and (4) Automatic Train Supervision. These
terms have alfeady been defined above. However, a variety of
definitions may be found from other sources. They have therefore
been specially identified and compared in Figure 1-1 in order that-
the reader fully understand the context in which the material is

presented.

\

1.5 Report Organization

This report has been prepared to familiarize the reader
with signal systems, signal types, signal aspects, titles and
indications, and the operational standards utilized to describe

or . enforce the signal indications.

This report summarizes the findings in Task 1 and Task 2°
Final reports, document‘referenées 394 and 395 (Appendix A),
as applicable to this task in defining signal)technologies,
equipments and the state-of-the-art.
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The report has been organized to present a historical
development for familiarization with the evolution of signal
technologies; to identify, classify and describe current signal
equipments and operational rules; to discuss the Federal regu-
lations and industry standards that exist; and finally to make
recommendations for signal and operating standards relative to
high speed passenger train service. '

An overview of signals that are currently in use is included
in Section.3. Discussion includes signal types and the asso-
ciated“aspecﬁé} titles and indications. Human engineering
principles applicable to signaling are included for analysis.

Section' 4 discusses foreign signal aspects, titles and indi-
cations to.support comparative analysis for development of a:
standard signal system.

Section 5 is dedicated to discussion of operating rules.and
standards of individual railroads and the AAR. 'Federal ‘regula-
tions goVerﬁinQ signal systems and train operations -are :identi-

fied and analyzed for applicability. REDTY

Section 6 provides an analysis of signaling rules, -stan-
dards and aspects relative to a standardized signal. system. for -
high speed passenger train service. A standard~signal~aspectﬁ:f
title and indicatidﬁ‘syétem is recommended. This recommended::.
system is compared with current Federal Regulationsthwidentifygg,
conflicts which may‘érise.' Recommendations have been. included:::
fér révisions to Federal Regulations to.aésure that,agstandand_
signal aspeéct system will be compatible and,that the regulations
‘'will enhance the development and installation of signal ;systems -
that reflect state-of-the-art technologies. : P T IR Y
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SECTION 2.0 : -
SIGNAL/CONTROL SYSTEMS

Since railroads came into being early in the nineteenth
century the development of signal systems has playéd an important
role in the progression of railroad technologyl In some cases,
the approach has differed here in the United States from that of
Europe. However, all strategies have held as'csntralkgoals the
separation of trains in a positive manner in order to minimize
accidents and optimize traffic movement. The strategies have
taken various forms while‘usﬁaily progressing in steps with each
step improving a weak element of its predecessor. Tasks 1 and
2 of this st@dy presented some of the domestic systems currently
in use as well as some in the development stage in Canada.
European systems were included to show how various high speed
operations are controlled. The Japanese National Railroad
signaling system was also examined for unique design features
that might be employed in the United States. Some of the more
common features of signal and control technology used in the
United States are summarized to emphasize the diversity of systems
employed to operate wayside as well as cab signaling systems. As
background to today's signal technology, a history of sidnal
system development is presented in order to blend strictly engi4
neering aspects with 'some of the lore of the past.

2.1 Historical Development
The current state-of-the-art in railroad signaling and train

~control is the result of more than a csntufy of creative thinking
by many individuals representing a number of organizations who
worked toward the goal of safely moving more and heavier trains
at higher speeds. It has been an evolutionary achievement which,
without doubt, will continue since the efficiency of the steel |
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wheel on steel rail is a factor which will become more attrac-

tive as the national energy crisis becomes more severe.

2.1.1 Railroad Signal Development

All forms of transportation, including ships, airplanes,
éutomobiles, railroads and animal powered transport, require
"rules .of the road" to reduce the chance of injury, death,
damage pf inconvenience due to collision between two vehicles.
Rulés are élso significant to the vehicle operator's well
being in that.they remove some of the othérwise unknown action
another vehicle might take. In railroad. transportation early
operations Wé;e cqnducteé dsing rules of thgvroad devised by
each railroad to.suit its individual needs. The first rail-
roads had only one locomotive, so collisions bétween trains
was not a concern. . Somé early trains had no brakes at all. .
&ihegengineer~relied on station crews to stop the train after
he removed-the power.from,the-driving;Wheels.  Often braking .
' Was,accomplished by a workman forcing a wooden stave through
“the spokedgwheei of the locomotive.; Train speed, weight and
bp@kingqpower;wére»factors with which all railroads had to
eventuql;y,contend,n Even in early operations when. train speed
"and weight .were low compared to the present'day, braking tech-
'nolqu’was4then>inadequate for bringing a train to a stop

before:striking an.obstacle sighted in its path.

g;hq;n31825h~on the first day.of operation of the first steam
powered:locomotive in England on the new Stockton and Darlington
Railroad, the "Rocket" struck and fatally injured a member of
Parliament. -The engineer saw.the man clearly enough, but even....
at a moderate speed the train could not be stopped before running

deaths of,people or livestock and damage to train equipment .

clearly 'indicated .to the railroads that the trainmen needed to

-be .forewarned of the condition’ of the track ahead. Otherwise,
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the only safé way to operate would be at such low speeds as to
be impractical and uneconomical. Some railroads assigned men °
to patrol sections of track for the specific purpose of providing
the engineer with the information requifed. They conveyed this:
information to train crews by various positions of the arms or
sometimes with colored flags and lanterns. This was the intro- i+
duction of the term,*"éemaphore," or "sign—bearer,".into rail;
roading; These first signals evolved into signaling systems
when communications became standardized throughtout individual
railroads; However, industry-wide standards were slow in
developing. A railroad employee changing jobs to another rail-
road had to learn a new signal system and a train creéw using -~ -
another railroad's trackage had to know both?systems;"5"”
Manually opérated’fixed wayside signals were devised for
several reasons. One was to make a signal more visible. ' 'Howevef, .
the principal one was probably to relieve the ‘signalman frdﬁ- :
unnecessary exposure to unfavorable weather conditions. ' -These«<-
devices had-numeroﬁs configurations and utilized many ways of .}
conveying information. In England a paddle, or :"Semaphore," ‘was:
placed on a high staff and manipulated to. imitate the-arm posi=
tions of an employee. In the United States the first signals "o+
were quite 'different and assumed a variety of shapes :and 'sizes:®:

Eventually they were replaced by signals of theTSemaphoré?forﬁﬁﬁﬁ

It is 'possible- to operate a railroad ‘safely without 'siignals
and approximatelyfoné-half of the trackage'in'the~Uniﬁédrstéﬁé§%%
does not have signals.-  However, most of the unsignaled tradks. i
are branch lines where only, one train operatés at -a -gives:'time. T

‘ o R A S AP b !
'The first signals were not pfimarily‘to'prevent"éolliSiéngiﬁ
between trains but rather to warn the train crew of'cénditiond !
ahead. ' In his handbook, "Railroad Operatioh and - Railway.- Signal-:

ing", document reference 93 (Appendix A), Mr. E. J. Phillips:Jr.;
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stated in humorous yet elementary terms that train collisions
may be prevented by arranging'for trains to be in the same
place at different times or at different places at the same
time. These two methods o6f maintadining separation of trains
developed over the years, one using a time ‘interval and ‘the
other a space interval. ~The‘séparétion of trains where one
follows another is referred: to "as ‘controlling headway.
N o

The ‘time interval system came first‘chroﬁologically (1849).
Time interval systems began with time tables which regulated
train movement ‘on a -specific Tine. ‘However; unscheduled events
made it necessary to incluaéﬁa way of modifying the time table
to minimize ‘delays 'in: train ‘movement:. ' For example, a time table
‘may have required-one trdain to pull off onto a side-track and wait
“for: a’trainimoving sin theé’ oppodsite ‘direction to pdssi - If the
train for which 'the side tracked train-was waiting experienced
a lengthly delay, the time tablélreqwiredithe train to stay 'in
the-side*tradkﬂfbr.ahfindéfihite‘period.}~Theluse of unscheduled
trains also had to.be' accomodated in some fashion.: A central -
authority iwas-:established to issue Mtrain orders" to accomodate-
these unscheduled even;é. The central authority'prevéhted\thé
issuance of donflicting instructions but required a considerable
amountkoﬁﬂéommuﬁic&tibnsﬁbetween‘statiOns. - Therefore, modifica-
tions to-.a time table were not implémeﬁted-until’ﬁhe“telegraph'

' -came ‘Into.-use -=(l‘.835;lf) PR TR I S AL RS NSRS S

S P ;. t
P T -1 B

1J? The :telegraph «also madde:feasible the :first manual block. .
systemfwhfdhuutrlizéd‘SpacévseparatiOnVofftrains;'JInvEngland
such a block system was established -in:'1858.  This. system divided
the railroad into sections called "blocks" separated by stations.' |,
The rule of the first English block system was that the block
wasﬁdssumednﬁd-B@iﬁclééﬁwﬂuﬁlessda-réddsignallwaSWdISplayedlﬁ The

¢ :dommunication to ‘displdy:ia ‘redsignal ‘at :Station-’A came:!by. tele-

graph, from the next station' down the line when a train failed. to
show: up ‘there -at ‘the.;appointed  time, ‘after passing Station ‘A. "The
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signal thus displayed warned a following train not to enter the
block.

The first block system in England had some features that
were undesirable in that it was overly dependent upon the human
element. The use of the space interval of governing train move-
ments received consideréble impetus in the U.S. by the public
reaction to a disasterous rear end collision between two trains
carrying Union Soldiers to New York and New England in 1863.

The first manual block system was installed in the U.S. in 1863
on the United New Jersey and Railroad Company. The method used .
improved upon the English system by changing the rule of the
~block to prohibit a train from entering a block unless a clear
signal was displayed. In this block system stations were not
over 9.6 kilometers (six miles) apart. For the most part men were
on duty at(the station 24 hours a day and communicated via in-
dependent telegraph which extended from one station to the next.
The signals were arranged to show a white.disk, about 61 centi-
meters (two feet) in diameter, when the block was clear. The
absence of a white disk indicated the block was occupied and
not to be entered.

The manning requirements for such manual system were con-
siderable: at least one signalman for every 9.6 kilometers (six
miles) of track. It was therefore inevitable that a more efficient
method would be devised.  Since the train itself was an indispen-
sable element in the operation, it was likewise inevitable that
the train should operate the wayside signals. The available
technology dictated the sequence in which this logical develop-
ment took place. ..

The first automatic block signals (1866) were electrically
operated using the tracks as conductors and wheel operated treadles
as circuit actuators. . Power was direct current furnished by

battery. The circuit was normally open and the passage of the
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train over the treadle closed the circuit and actuated the
signal. Automatic block signals were improved (1872) by
eliminating the treadle and using the train wheels and axles
as a part of the circuit. This arrangement detected and dis-
played a restrictive signal for an uncoupled car, a feature
"which was not inherent in the earlier de51gn. ' The system was
further improved (1879) to prov1de a fail- safe feature which’
involved using an electrical track 01rcu1t Wthh was normally
closed, and opened by the passage of a wheel over the track
The system was con51dered ‘fail-safe because a loss of power or
failure of a part of the c1rcu1t resulted’ in a signal display
 of the most restrictive aspect and not'a false indication that .
- the block was clear, as~would:be‘the’Case in the earlier system.
As_previously indicated, the semaphore type signal had
already been introduced for manual operation because. of its
good visibility. However, it was not used’ in. the early auto—'
matic block systems because ‘there were nelther electrlcally "
operated valves for control of hydraullc or pneumatic power nor
electric motors with sufficient power, to operate semaphore arms.
The arms:were particularly difficult to manipulate bécause. they
'were’heavilygcounterweighted to assure return to the horizontal

position, or the most restrictive aspect,if a failure occurred.

. Semaphore signals returned to rallroadlng in 1883 when
penumatlcally operated semaphore, 51gnals were 1ncorporated 1nto""
an automatic block signal system. The pneumatlc valves were
electrically controlled by track circuits.‘jBy 1893, electric
motor technology had progressed to the stage where electrically

operated semaphores were in use.
The requirement for illuminated[sighalsgdeveloped with the

“block system .for separation of trains. -A common signal lamp
-was a.rectangular metal case with a magnifyiﬁg lens on the front
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side. An early light source was a kerosene lamp, but the need

- for brighter distant signals led to the development of acetylene
lamps and later the introduction of the electric light bulb. The
first electric signal light was introduced in the U.S. in 1895, |
using a band of lights to outline the semaphore blade. It was
not until 1900 that the first semaphore displaying aspects with -

electric llghts was introduced.

- The early semaphore signals had two aépects --one indicating
that the block ahead was clear and one indicating that it was .
occupied. Sucha system gave inadequate warning under the con- -~
ditions where a train stopped just inside the block and the -
signal was.not visible to ‘a following train due to a Curve or’
other obstruction. To cover this eventuality a "distant" sig-
nal was placed-in front of the "home" ‘signal to.provide the ‘hec-
essary distance to slow- the following train before it reachéd the'
entrance to. the block.  1In ‘automatic block signaling where blocks
.were short because of the limiting factors of the  track circuit, "
the distance signal was incorporated ‘into the signal to:the rear’ -
so that each signal gave an'indication of conditions in its own®: -
block plus an indication.of the condition of the block ahead:i: =:'%
The resulting system is called.’'a two-block system. :The concépt *
has been expanded to a three-block system which'provides indica=+.
tion of another block ahead and a four-block system yet another
block ahead. Such systems  have the obvious advantage of allowing
a following train to pace itself to the train ahead 'and- maintain«
an optimum separation.- The first: four -block" system was 1nstalled“
on the New-York Central Railroad in. 1931 D I I IRt 5 A

’ : : ' T NN R T MO )

At the turn of the century semaphore signals begai ' to :be’ infis
phased out, although they are still in use in many places. Night

operation required' a 'system- involving® lights or lamps ‘of ‘different
colors. With the development of sufficiently ‘bright’color 'l1ights;

they were adopted for day time operation and*the’double'System,**“

one for day and one for night began to be phased out.



It may seem that the colors, red for danger, green for-
clear, and yellow for warning are obvious choices. However,
the manner in which these colors came to be so generally
accepted is deeply rooted in railroad development. In the
late 1800's, the colors accepted by most industrially developed
countries were white for safety, red for danger, and green for
caution. There were several serious shortcomings in using a
white light as a clear signal. One of them was that the colors,
other than white, were produced by white light behind a colored
‘lens, and a broken red or green lens could give a false clear
sign. Another shortcoming was disasterously demonstrated in 1898
when an engineman mistook ‘a white lantern at a highway crossing
for a clear signal. ' The true signal should have Been red but was
extinguished. 'For these reasons, whité light was dropped as a |
signal color by some railroads in 1899, and green wds adopted
as the "clear" signal and yellow as "caution." But for U.S.
railroads in general, the old colors were still in use well into
the twentieth century Early usage of colors was far from stan-
dardized. Colors varied conéiderably; reds varied from orange
to deep red; greens from chiome’ yellow ‘to blue, and yellow. from
reddlsh ‘yeéllow to greenish yellow. Colors were freQuently con-
fused. As a- ‘result, color definitions were deVLSed ‘and ‘stan- |
dardizedjln 1918, contrlbutlng substantially to the evolution of

wayside signals.

Providing wayside signals required considerable expenditure
of capltal by the ‘railroads - - all to alert the train crewmeén of
conditions of the road.’ The employees respon31ble for obeylng “the
s1gnals were usually sincere and dedicated men who, nonetheless,':
were’ capable of m1s51ng a 51gna1 and thereby endangerlng both '
themselves and’ the traln. To. prevent such catastrophlc events,‘r
‘dev1ces ‘were’ sought ‘to automatically ‘stop a train should an -
englneer ‘miss'a stop and proceed- into an 'occupied block.
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Some railroads employed a device called a "smashboard"
which was swung into the path of the train when a stop signal
was in effect. The noise made by the object striking the train
alerted the crew to the fact that a stop signal had been missed.
This was a noisy but paésive device and more positive means

were needed.

The year 1880 saw the first experiments with a system which
completely bypassed the engihe crew. But it had serious flaws,
and in the following years a succession of automatic systems sought
to achieve greater reliability. Most were based on the principle
of an arm, or trip, which was raised in the stop position to
strike a lever on the passing train and automatically apply the
brakes. Most mechanical devices of this sort were adversely
affected by icy conditions, and in addition the lever on the

train could be actuated by debris on the track.

A system which is less susceptible to these problems was
developed and a trial installation was made in 1919. By inductive
coupling the system transferred the stop command from a device
alongside the track to one mounted on the train. .Technology con-
tinued to improve, and in recent years with the advent of the
coded track circuit automatic stop has been incorporated into
automatic train control. However, automatic train stop systems

were never widely adopted by the railroad industry.

The dc track circuit was not without its problems but was
nonetheless widely used in the United States by 1900. When dc ,
electric locomotive propulsion supplied from wayside power firsf
became-praétical the use of dc track circuits in dc propulsion
territory was no longer feasible because of the economic neceséity
‘to use at least one of the rails as a power return. Some partially
~effective systems were tried but the ac track circuit_proved to
be the most effective in dc electric propulsion territory. The ac

track circuit was made possible by the development of the vane
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type relay which operates by induction. The passage of dc current
through the coils will not actuate the vane relay. Although the
ac track circﬁit was designed specifically for dc electric propul-
sion trackage, it was also found to be effective in areas where

dc track circuits were being adversely affected by stray currents
from outside sources. Therefore, ac track circuits were installed
on some railroad sections which were not electrified. The first
ac track circuit was tested in 1903 by the North Shore Railroad in

California.

Prior to the 1900's, all power for track circuits whether ac
or dc was fed to the rails in a continuous flow. However, the
pressing need to use the rails for purposes other than automatic
waYside signalcoperation led to' the de?elopment of coded track
circuits. The eguipment developed'for this purpose ‘opened
several separate channels in track circuits nhere the steady
state track_circuit offered only one. Among the improvements
" provided by this increased number of channels were multiple
aspect cab signals,ftrain speed control, commnnication with way-
sidenequipment and greater shunting sensitiﬁity of the track‘cir—
cuit. The first of such 1mprovements followed closely on the:
heels of coded track c1rcu1t development

!
/

- Cab display’of signal information has ohviouS‘advantages
over s1gnallng with way51de devices. One is that the signal
1s clearly visible regardless of weather condltlons. Another is
that 1t can ‘be’ seen or referred to at the ‘discretion of the crew-
:men and ‘with contlnuous type systems it presents a change in
aspect in an 1mmed1ate response to a change in condltlons, whlch
is not true of the w1dely spaced way31de signals. Nonetheless,
cab 51gnals have been slow in ach1ev1ng w1despread usage in the
U.S. because of thelr higher cost of 1nstallatlon and the dlfflculty
of tying on- board equlpment in with the 51gna1 systems employed on the
various routes-a train must use in traversing the railroad network
of the U.S. | -
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Automatic speed control of trains is a development which
holds vast potential as a safety measure. Such a system can
function as a reminder to a trainman of restrictive changes
in aspect announced by an audible indicator which may be over-
ridden or, in a more possitively enforced manner, by automatically
reducing power and applying brakes if the operator of the train
ignores the warning or is indisposed. Its development was ' '

also important as a step toward automatic train operation.

Safety and economy of operation strongly favor automatic ,
train operation where no train crew is required for such purposes
as ticket collecting or security. Capital investment and the -
tendency of the public in general to distrust unmanned machines
have been the pfincipal factors against'its widespread use. The
~ technological advances in the 1950's made poésible the first crew-
less passenger train which was operated on the New York, New Haven
and Hartford Railroad. Shortly thereafter in the 1960's, a com-
pletely autOmatio subway train systemiwas placed in service‘in

New York between Times Square and Grand Central Station.-

2.1.2  Switch and Slgnal Interlocklng Development ‘

Trains on a railroad track, unlike other méans of transpor—v
tation, are gulded by the track and therefore requlre no steering
by the train operator. The development of sw1tches to transfer
locomotives and cafs,from one track to another was a- necessary d
adjunct to the:development:of railroads. ‘ﬁoWever, the need for,:
such switches carries with;it some inherent"probleme. For example,
sw1tches can be in the wrong pOSlthn and result 1n a derallment
or COlllSlon with another traln. For thlS reason, early 'in rall—
road operatlon, locks were added to sw1tches to restrlct the _
:acce351b111ty of the sw1tch mechanlsm to key carrylng sw1tchmen.
—'Even with these precautlons in yards and statlons w1th many
tracks and switches the human factor and poor communlcatlons

between sw1tchmen sometimes resulted in derallments and collisions.
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To alleviate these costly mistakes or misunderstandiﬁgs all switéh
coptrol levers were gréuped in a central position to be operéted
by a single man. Signal control levers were also grouped at this
location. These switch machines were marvels of levers, rods and
cables. They actuated switches and signals as far away as a half-
mile. The actuating levers were located in a central position of
the station or yard iﬁ an elevated building with windows which

commanded a clear view of the tracks, switches and signals.

The first such installation was made in England in 1843 at
a place with the unlikely name of Bricklayer's Arms Junction.
Even with such a one man operated device, switches were some-
times operated under a train, and signals were sometimes placed
in the "clear" position when the switches involved were not
properly set. The first of these problems was .combated by the
development of a locking device which locked the switch in a
given position when a train or any of its.cars was in the vicinity
of the switch. These were mechanical devices actuated by the train
wheels, which made it impossible for the switchman to move the
switch lever -in the ‘tower when the train was travélingwover:the
switch. The second problem was solved by 'placing interlocks on
the lever frame to require a sequence of oberations which- always

resulted 'in safe condition of switches and signals.

;Consi@er;a hypothetical example of 'a simple "branch off"
intersection of track where traffic is allowed in both directions.
'In such a case three signals would be required displaying the
condition of the switch in each direction. A "STOP" aspect would
- indicate that the switch was against travel in that direction
.-and "CLEAR" aspect would mean trave1 was4permissible.‘ The inter-
locks .on ‘the lever frame would be arranged to require -all signals
to be ‘changed to "STOP" before the switch lever could be moved and,
after. switch, closure, only the levers that were approp;iate:for;_
the switch position»could be moved to change the signals to "CLEAR"

Syt
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This is by no means the only problem solved by the mechanical
interlock concept. In a complex having multiple tracks and
switches there are many combinations of switch and signal con-
ditions which require a certéin sequence of operation to assure
that signals always display the proper warning to a train
approaching along a section of track. The first such frame was -
installed in England in 1857 and required considerable set-up
time, each interlocking part being hand fitted by a skilled crafts-
man. Maintenance of the machine was .expensive.
:The mechanical actuation of a switch or signal from a
central location is restrictive 'in that the maximum distance/
a>switch:or signal can’ be ‘actuated is ‘limited to the combina-: .:
tion of' frictionin the rod supports and pivots which can be -
overcome- by'.ai:lever .0of practical :dimensions. '@ Even with these '
limitations the locking frame on some mechanically ‘interlocked: -
‘?Switches%andzsignals~was.SO large that more than one man was' i . .
i ‘required to operate:thevlevérsj-'Thenstfucturetof the dinterlock-.
ingframe became so complex that means other than mechanical :..: -
linkages had. to- be found when further expansion of the system' . s .
was- reguired. . An early~examplefoftsuch‘a’téchnicalgeVOlutiongﬂ
was installed ‘in 1883 at Victoria Terminal in Lohdoﬂnyngland:ar
Instead of installing mechanical levers: and rods to actuate .50
" additional signals, electric contactors were added which con- '
trolled remotely :operated electric isignals.:.i'The electric con-
‘tactors.were operated by miniature levers which: were .inter=: r::i;
locked withfSWitchileVeré“as.requiredJ‘ DI A PRSP R PE L AR S T ST ST DN
e e T TR A P :.7‘;.‘1;'3.".
i'A.rcorrelative development of power operated::switches::was|: -
‘d system’to asshre-theﬁswitchman‘thatithe'switch had completed::i:
%theﬁcyéleias;directed.’wAmongithe factors forcing:this develop=:..
fﬁmeﬁtﬁwasitheulack'of "feel"™ of the small leVers‘whﬁdhractuatediX§
only electrical ‘contactors as opposed to the mechanichl' levérs .
"#.which 'required -a considerable amount of fOrce‘tO'actuatEaJ?rf:ﬁﬂ‘
Devices were installed for this purpose to detect the position
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of the switch points and signhal positions. The miniature levers
were so designed as to restrict the initial movement of the
lever to an incomplete position which‘would cause the actuation
of the switch or signal. When the directed switch or signal

had completed its movement, an electrical feed back released a
solenoid latch to allow the lever to complete its movement.

This arrangement thus provided a feel somewhat like the me- -
chanical system. Several power sources were used in actuating
switches and signals remotely; among them are hydraulic, pneu-
matic and electric -motors.

There are several logical adjuncts to the interlocking
principle of controlling switches and signals beside the more
obvious' one of remotely controlling the movement of the devices
themselvest The complex mechanical interlocking -of miniature
-levers which operated electrical contactors was eliminated -
when it became acceptable to accompllsh the required inter-
locking function electrlcally using relays arranged in loglc
sequence.. = Because of the familiar feel of levers.and the mechan-
ical‘locks.which heretofore had disallowed the movement of levers
under certain conditions, some 51gnalmen were appalled that the
more. compact relay interlocking frame would allow the movement
of a lever even though the functlon it normally directed was
locked out electrlcally However, when the first relay inter-
locked. system was installed at Blue Island, Illinois, on the
Chicago, Rock Island & Pacific Railroad in 1929, it was quickly
recognized as a significant development. Because of the depressed
.economy. in the 1930's and the frozen status of industry during
the 1940 war years, relay interlocking systems did not achieve !
wide usage, in the United States until the 1950's.

-When the dc- closed track circuit was introduced around 1872,
it opened: the way for additional precautionary measures to be
incorporated into the interlccking system. For example, a problem

occasionally arose from a signalmen changing a signal and switch
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position after a train had passed the signal and entered the
block containing the switch. To alleviate this possibility a
system was devised to utilize the track circuit to detect the
presence of a train and usé that presence EQ enable certain elec-
tromagnetic (and later relay) interlocks to prevent movement of
such switches and signals. A similar’interlock was devised to
replace the mechanical device which was used to prevent a
switchman from moving a switch under a train. In addition, where
a complex interlocking system allowed a route to be established
for a train movement, a similar detection system was introduced
to lock all signals and switches in the route when the train
entered the first block and to hold them in that position until
the train cleared the last block in the interlocking system.

Many other interlocking variationé were devised for specific
applications., Some were in operation as early as 1878, but most

did not become widely used until the 1890's.

When the first power interlocking systems were installed,
the physical restriction of geographical size was no longer a
factor. The elevated /switch towers, which were of questionable
efficiency with largé mechanical interlocking systems, began to
be equipped in 1900 with schematic display boards to assist the
switchman in keeping track of operations in their interlocking
territories. A "mimic" board was a miniature representation
of the tracks in an interlocking territory. Each switch, signal.
and block was represented by a lighted indication to denote switch
position, signal éspect and block occupancy. The value of the
mimic board increased as interlockings were extended geographically.
Boards could be expanded instead of éoﬁstructing new towers since
visual observation was no longer necessary. Relay logiC»aiso
made possible an improvement which éllowgd a route to be established

in a complex interlocking system by‘pushing only two buttons, one
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at the entering point and one at the exit. This interlocked
system was called entrance-exit routing, or "NX" by a GRS
trademark, which has become a standard description applied
to the system.

Another advancement made possible by the development of
interlocking technology is the consolidated control of opera-
tions. A traffic Control System (TCS) is essentially the
centralized control of an expanded interlocking territory that
may include a major portion of a railroad line. The total
geographic area covered by a TCS is governed by a number of
parameters, among which are: complexity of track layout, density
of traffic interchange points with other railroads, terrain.
In centralized control of traffic, the movements of all trains
over routes and through blocks in the area are directed by
signals controlled from a central point. Switches are remotely
operated from the central facility by way of safety circuits.
Coding technology made communications circuits possible by use
of one pair of wires, with return to an unlimited number of
outlying blocks to obtain block occupancy and switch position
indications for the center. Applying this information to a
mimic board makes it possible for a dispatcher to establish a
route for a train and watch its progress by following lighted
symbols. At the same time he can monitor switch positions and
other train movements by the lighted symbols. The first TCS
installation was made on the Ohio division of the New York

Central Railroad in 1927 and included 40 miles of road.

2.1.3 Chronology of Signal Development

A chronological history of significant events relating to
the technical development of signal equipment and systems is

included in Appendix B.

2.2 Overview of Signal/Control Technology

Task 1 of this study presented a detailed assessment of
signal/control systems, equipments and technology which includes
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theory of operations, .advantages, disadvantages and relative
costs. A .brief summary of the pertinent information applicablé
to this task is presented here to emphasize the factors affecting

signal operation.

2.2.1 Track Clrcults,‘:

Signal systems perform two prlmary functlons to detect.the
presence of a train on a section of track and to convey that -
information to other trains and crews operating in the vicinity
of that occupied tréck.ﬂ~The historical development section of
this report noted that train detection has béén_éccomplished in
the United States as well as in most other parts of the world by
_track circuits. '

A track circuit:is an:eiectficalrcircuit formed>b§Aisola£ing
a section of tragk, or "block," from adjacent'sectiqns by the
use of insulgted joints. Types of track circuits used in the
United States may be‘classified7aé:' : -

Dir¥ect current (dc)
Alternating current . (ac)
Audio frequency (af) ‘

The dc track circuit may be furéher-categorized as neutral,
polarized -and coded. -AC track circuits mdy be either normal- or
coded. All track circuits utilize a felay-devicé whose .contacts
are so arranged that gravity will return it to the de-energized
mode in absence of the actuating dc, ac or af current or pulses.
Train wheels on the track act as a shunt to the current or pulseé,
thereby functioning as a short circuit derenergizing the track
relay. Broken rails, shorts to the ground, and- power ‘failures
also result in-'a de-energized relay.’ ‘Relays are used to control
wayside signal aspects. 1In.dc track circuits where more than-
two aspects (STOP & CLEAR) are necessary, tﬁree choices are

available. Polarized track relays, coded track: circuits or
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line control circuits may be used. AC track circuits have generally
been used with dc propulsion power systems that utilize the rails

as return conductors. AC coded track circuits have been employed
where ac propulsion power systems utilize the track rails as a

power return. Modulated af track circuits have been used with
welded rail because the inherent characteristics of the af track
circuit allow establishment of blocks without the use of insulated
joints in the rail

In France, high voltage impulse track 01rcu1ts have been
used to help break down the oxide film on tracks that are used

1nfrequently

2,2.2 cab Signals and Enforced Speed Control -

The first significant application of cab signals and asso-
ciated train stop devices in the United States occurred in 1922 -
when the iéc ordered 40 railroads to install automatic train -
stop and train control on their passenger divisions. Cab signais
have a number of advantages when compared to wayside signals.
Signal experts disagree as to the maximum speed at which wayside
signals become ineffective,'but most concede that at speeds
between 160 km/h (100 MPH) and 193 km/h (120 MPH) wayside signal
viewing time is marginal. Cab signals do not have that viewing
time limitation. 'Continuous cab signaling, which is almost
exclusively used in the United States, has the further advantage
of responding instantaneously to a change in conditions. 1In
addition, cab signals provide an audible warning to alert the

engineman of a change in aspects. -

Continuous; cab signaling systems use a coded ac or af signal
in each block. The signal in each block specifies the speed for
that block. The signal is picked.ﬁp by an inductive device mounted
in front of the locomotive wheels. ¢ode rates of 0, 75, 120 and

180 pulses per minute are generally standard for the United States.
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However, pulse rates of 50, 270 and 420 are also used in some
locations. Zero is the most restrictive aspect (STOP or STOP

& PROCEED) and 180 pulses indicates a clear track. The inter-
‘mediate speed restrictions are denoted by 75 and 120 pulses. With
this cab signaling-systeﬁ only 4 aspects are possible, unless.
back contact coding is used with a different carrier frequency,

or additional code rates are used.

Automatic train stopping and speed control are included as
part of the onboard equipment with most cab signaling systems.
The automatic train stopping sequence begins with an audible
alarm when a cab signal is not received from the track. The
engineér has the choice of overriding the sutomatic stopping
sequence if he acknowledges the alarm and reduces speed within
"a specified period of fime. Otherwise, an automatic application\

of the brakes occures.,

In Europe, a form of intermitteht'cab signaling is now in
use. This system uses inductive coupling between train and
track tuned magnetic units. The track magnetic units are lo-
cated in the vicinity of wayside‘signais. The train and track
units are tuned to one of three frequencies: 2,000 Hz, 1,000
Hz and 500 Hz. The 2,000 Hz tfack magnetic units are normally
located near the main signals and are controlled by the signal
position. When the signal is CLEAR the resonant circuit is
'deactivatea. When the signal is at STOP or CAUTION, the track
magnet‘is in the effective (fail-safe) condition. The 1,000
Hz track units are normally located near approach signals. The .
500 Hz magnetic units are normally installed at an adequage
distance in ffont of the main signals to function as automatic
speed controllers. -On the engine,. three magnetic units, each
tuned to one of the above resonant frequencies are constantly
supplied voltage at the resonant frequency. The voltage main-
tains the associated relay in the energized position. When a

train-borne magnetic unit passes over a track unit of the same
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frequency, energy is transferred from the ‘engine magnet ' to the
track'magnet causing a drop in current in the engine unit. This"
drop in current in the engine magnetic ¢ircuit causes the asso-
ciated relay to de-energize and initiate appropriate cab éignal
display lights or braking action. S o -

The inductive loop is anothér.form of cab signaling used in
Europe. A cable laid in ‘the' roadway between the rails is the
‘wayside-to-train communicating element. ‘This system provides a
continuous updaﬁiﬁg of the cab signal display by ‘inductive- '
coupling‘between the éabLe and train-mounted pickups. The cable
consists of two conductors which are»laid between and paréllel
to the track with crossover points spaced at regular intervals.
The crossovers serve two purposes: (1) to establish:.known loca-- -
‘tion points along the track, and (2) to compensate fdfwinfluenqes
on the characteristic impedance of the line. Train movements are
directed through a control center where train position and speed
“are mbnitqred. Train commands for speed are transmitted to the
train-borne equipment via a remote feeding deviée; inductive
Iine conductors and anténna. These commands are processed by
the trainleduipment and presented to the cab signal diéplay or
brake control mechanism. The display prpvidés thrée“numeric
‘indications: the actual speed, the target speed and the distance
to the next speed change. This system is designed to be used
where a "higher level" signaling system is required and overlayed

on the existing system which is retained for slower traffic.

Cab signal displays are positioned in the locomotive cab

- for eas§ sighting by the ‘engineer. The displays-are uSuaily
adjacent to the locomotive control lévers in order to'minimize
focus Shift between the two. Domestic &&b éigna1 ihdicators
repeat the wayside signal aspects. The number Of aspects to be
displayed are limited by the available track circuit codes. The

overlay systems utilized 'in Europe for high speed train operations

i
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display scaler quantities for speed, distances and time.
Ideally, scaler or numeric displéys will provide a combination
of train speed, target speed, maximum limits, time, next speed
restriction, distance to next speed restriction, running time

to next station and scheduled arrival time at next station.

2.3 Proposed Signal/Control Systems
The Task 2 final report of this study/program, established

three categories of signal/control overlay systems which were

identified as candidates for further study to define the system
which will be proposed in Task 6 of this study program. The

three categories are summarized below:

2.3.1 Category A
This category encompasses the basic requirement of controlling

the operations of 255 km/h (160 mph) passenger trains intermixed
with slower freight traffic in electrified territory. The minimum
technology necessary to meet this requirement is 5-aspect cab

" signaling with enforced overspeed control.

The ATP system candidates have been found to be capable of
satisfying the Category A requirement are:
. -Single carrier 100 Hz ac coded systems as used in the
U.S. The fifth aspect could be accomplished by super-

imposing another carrier frequency. |

. Intermittent Cab\Signal System with either active or.
passive wayside transponders. This’system could be
derived from the BR configuration or the FS system de-
scribed in the Task 2 final report or the DB configufa-
tion described in the Task 1 final report.

. Continuous Inductive Loop System as described in the

Tasks 1 and 2 final reports.
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. The dual carrier coded ac system used by the FS rail-
road described in the Task 2 final report.

. Location-Indication-Control (LIC) system used by British
Columbia Railway described in the Task 1 final report.

2.3.2 Category B

The Category B configuration is one which fulfills the Cate-
gory A requirement plus providing passenger train identity and
tracking data to a central monitor point.

The system which satisfies Category B requirements can
utilize any of the above ATP mechanizations, but must add a
data link from the passenger trains or the wayside portion of
the cab signal system to a central monitoring point. This data
link could be the existing train-borne VHF radio, could be com-
prised of separate telephone links to the existing TCS centers
or be telephone/microwave links to the overlaid cab signal sys-

tem.
2.3.3 Category C

The implementation of a Category C overlay system requires
that a data link be added between the central control point and
the overlaid Category B system so that commands can be sent to

the Amtrak trains (and stations if required) to control schedule

performance.

The above considerations result in identification of the

following potential interfaces:
Individual signal blocks in existing ABS systems.
TCS data centers.

. Train to wayside VHF radio links.

il




Wayside to.TCS control center telephone or microwave

. links.

It has been assumed that the potential system candidate
will be overlaid on an existing ABS system. This assumption
was made to simplify the design requirements for the overlay
system and to avoid oVer—complicating the system. Where TT
and TO is in effect (less than 6% of the total track miles
over which Amtrak operates) any-one of the existing signal
types could be installed. If broken rail detection is not
required, an axle counter system with wayside signals could
be implemented. Similarly, if the existing ABS system is
presently incompatible with electrification, the overlay

system is not required to correct that imcompatibility.
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SECTION 3.0
SIGNALS

Signal systems were developed primarily to achieve safety.
Many other benefits have been achieved by block signal systems. .
ﬁowever, safety is still paramount. Originally signals provided
block separation of trailing or ‘opposing trains while the control
of movement depended on train priority and train order. With the
automatic block and traffic control systems in use today, opgrating
rules now utilize the signal system to convey authority for both.
opposing and trailing movements. Train movements are now governed
by automatic block signals while switches and interlockings are
controlled by dispatchers, train directors or automatically.

The development of signal systems in’the United States was
an evolutionary process, and as .each hew system was installed it
provided an incremental expansion of the national signal network.
Railroading is a large capital invgstment industry and the cost
of a signal system is a major capital expenditure. As a result
many of the syétemSJinstalled early in this century are still in
use and. represent different levels of technology. Operating Rules
were added or changed to accomodate the variety of systems. Over
the decades each railroad independently developed its own signal
policies and practices. While mergers have reduced the number of
separate companies, the high cost of hardware replacement has
militated against standardization. For these reasons this broadly
focused study of U.S. railroad signaling has found an astonishing

proliferation of signal aspects, titles and indications.

Appendices C, D and E summarize the aspects, titles and
indications currently in use today by the domestic railroads over
which Amtrak trains operate. "Appendix C illustrates the aspects,
titles and indications by individual railroads as summarized from

each railroad's operating rules. The Association of American:
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Raiiroads (AAR) and predecessor organizations developed a Standard
Code of Operating Rules which is the foundation of all rule books
developed by domestic railroads. The AAR Standard Code establishes
eighteen rules that inélude signal aspects, titles and indications
which are sufficient for train operation under all anticipated
conditions. The code is an adequate base from which. standard
signaling could emerge as intended. Figure 3-1 summarizes the

AAR Standard Code aspects, titles and indications. It is obvious
upon review of appendices C, D, and E that the signal aspects,

. titles and indications should be more closely aligned with the

intent of the AAR Standard Code. The standardization of signal-
ing to the AAR Standard Code would be a worthwhile ipdustry
objective. This is not to criticize the railroads but to point

out the need for standardization. P

When the historical development of domestic signal systems
is .analyzed, it is easily understood why oberating rules vary.
Unlike Eurdpean railroads that were virtually rebuilt following
World War II, U.S. railroads utilize\evolutionary and antiquated
signal equipments that represent technological advances in signal/
control systems spread over years of development. Following World
War ;f, domestic railroad patterns changed. The airlihe,'bus}
automobile and trucking industries developed;rapidly, providing
faster and more convenient transportétion to passengers and small
package shipments. Railroads were reduced to carriers of bulk
andvlarge tonnage materials. Trains became longer; axle loadings
heavier, necessitating revisions to existing signal systems,
especially in afeas of heavy traffic density or passenger and
freight intérmix. Since train length and tonnage affect braking
"distances, signal block spacing requiremenfs were reflected in
this change of operating requirements. Where;it was not economical
or practical to alter signals, intermediate signals were added
to proﬁide advance signaling information for enginee;s to reduce
speed at the proper point for safety. APPROACH and ADVANCE
APPROACH titles were created to. provide these needed indications.
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AAR STANDARD COOE EQUIVALENT INDICATIONS FOR SEMAPMORE, COLORUIGHT, POSITION LIGHT AND COLOR POSITION LIGHT SIGNALS
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Unfortﬁnately, the railroads often developed aspects, titles or
indications independently. Most often, aspects and titles con-
formed to the AAR standards. However, rule numbers and indications
did not. It appears that the signal indications were developed

to conform to the specific requirements of each individual rail-
road with consideration being given to installed equipment,

established operating rules and train traffic requirements.

Signals may be classified into two geheral categories: block
signals and interlocking signals. Block signals are used to main-
‘tain separation of converging or following trains on the same track.
These signals are used on open stretches of track between stations,
sidings or yards. Interlocking signals are used in those sections
where one or more tracks intersect, or where switches are provided
for routing trains from one track to another. Signals at inter-
lockings and control points are used to protect established direc-
tion of traffic in TCS territory for bidirectional operation. The
switches and signals are interlocked in-those areas to prevent

conflicting routes from being set up at the same time.

Both types of signals may be automatically or manually operated.
More often block signals are automatic and interlocking signais
manually operated. Most interlocking areas are manually controlled
by operators, who may be located either within the interlocking
areas or in control centers which are often miles from the inter-
locking areas. Computer controlled interlocking equipment has
been developed and is used to select routing through an interlock-
ing limit. Block signals are further classified as "home" and
"approach." Home signals are located near the boundaries of the
block,‘and approach signals are used to repeat the home signals
when distances or obstructions interfere with the view of the
home signals. |

Home and approach signals may not be delineated as such in
the signal system and may look the same with the same number of

\
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"lights or semaphore arms. The factor which determines whether
the signal is a home or approach signal is the indication as-
sigﬂed to the aspect. In some cases, a home signal may be used
as an approach signal for the next home signal. The aspects

and the associated indications vary in their usage in the United
States, although there is a cohesive pattern of. signal aspects
due to the fact that all are generally based upon the AAR

recommendations.

3.1 Wayside Signal Types

There has been a variety of wayside signals developed and
put into use throughout the United States. To describe all of
them would be of little value except to demohstrate how numerous
they are. Nonetheless, a representative sampling from signal
systems now in use will be examined briefly. Signaling systems
utilized in connection w1th classification yards have not been
"~addressed in the study '
3.1.1 Semaphore '

Semaphore signals-were among the first devices to be util-
ized as wayside signals. Most railroads égree that semaphdfes
are obsolete, and they are being phased out because of high main-
tenance costs. The semaphore arms may be manually operated, but
more often the power to change thé”semaphore arm position is pro-
vided by either anlelectric motor or pneumatic actuator and is
automatically or remotely initiatédt Government regulations now
requiré all semaphore signals to have color iights for night
operation. The night operating requirement for signal lights
was partly responsibie for the obsolescence of semaphore signals.
'Figure 3-2 illustrates some semaphore signals currently in use.
Semaphore arms in the United States usually point to the
right side of the mast, away from the train. While those using
the right side of the mast may use the upper or lower’quadrant,

the lower quandrant is seldom used. In any case, a semaphore
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arm in the horizontal position is always its most restrictive
aspect. In the lower quadrant, when the arm is at 450, the
track ahead is clear. In the upper quadrant, when the arm is
vertical, the track ahead is clear, and when the arm is in the

45° position, caution is indicated.

The shape and color of the end of the semaphore arm is used
to convey additional information. A square or rounded end on a
red arm denotes a home signal. A yellow, swallow-tailed, or "V"
ended arm denotes an approach signal. When both home and approach
signals are mounted on a single mast, the home signal is mounted
above the approach signal. In three and four-block -signals where
additional signal aspects were needed, this convention lost its

significance.

The aspects of a multiple~head signal, in practice, have
been assigned indications which could be considered either home
or approach signals. That is, the speed requirement impoéed by
the signal may be applicable either at the signal itself or at
the next signal in advance. The shape and color of the seﬁaphore
arms are of little significance in interlocking signals where
multiple-head signals are used to provide routing information.

In this case, neither home nor approach signals are referred to

in the indication.

3.1.2 Semaphore Light

Among the first color light signals installed in the United
States were those used witﬁ a semaphore device. Some of these
signals are still in use. The color lights of the signal are
-dispféyed from a single light source. The color displayed is
dependent upon the position of the semaphore arm which incorpor-
ates three color roundels or lenses which move with the semaphore
arm. The colors displayed are: red, when the semaphore arm is
horizontal; yellow, whgn the arm is at 45° from vertical; and

green, when vertical, as illustrated in Figure 3-2. Signals
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of this type are no longer manufactured, the last having been
installed around 1940. However, many have been reﬁaired and
reinstalled. The mechanism for changing positions of the

semaphore arm is either pneumatically_br electrically operated.

The mechanism incorporates a feature which will allow gravity
toifeturn the semaphore arm to the horizontal position should
electric power or air pressure fail. This design is referred

to as a "fail-safe" feature. However, as commendable as the
intention is, unsafe failures occur due to jamming of the mechanism

by ice or other foreign material causing false CLEAR'indications.

3.1.3 Searchlight

A further developmént in illuminated signals occurred as a

iesult of improvements in long range lights and color lenses.
Around 1920‘the searchlight signal was introduced. Its name is
derived from the narrow beam projected from a single lens. It
employs a signal lamp to display each of three colors: red,
yellow and green, through the Single lens opening. The signal
does not utilize a semaphore arm but has an electrically or
pneumaticaliy driven lens mechanism which may fail in a manner
éimilar to the semaphore mecpanism and produce an unsafe indica-
tion. As with all 1light signals the lémp is surrounded by a black
shield - - known as the "background" - - to enhance daylight

visibility. A typical séarchlight signal is shown in Figure 3-3.

The advantages of this signal over the semaphore with color
lights are-that the signal is visible at greater distances, is
smalier in size and.useé fewer parts. The disadvantage of this
light system, along with any other electrically powered light
system, is that a power failure results;iﬁ‘the absence of a
signal (dark signal). All railroads have operating rules which
require a dark signal to be considered at its most restrictive .
aspect. However, a dark signal can be missed by the train

crew - - particularly at night.
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As é concession to thelfail—safe philosophy, signal lamps
were developed with two filaments instead of one. Two filaments,
however, do not extend the life of the lamp if both are operating
simultaneously. Both are likely to fail at about the same time
since both are subjected to the same stresses. If one filament
burns out the other may not last much longer. It is possible
that the reduced light produced by a single burned-out filament
could be used as an indication to maintenancé personnel to re-
place the lamp. It seems likely that one filament may be used
at a time and that the failure of one filament caused a transfer
of power to the other filament. However, this surmise has not
been confirmed in the literature reseafch during this study.

There are other color light systems in use thch change
color aspects by moving color filters into the projectéd_light
beam. All of them are susceptible‘to mechanical failure. Their
advantage is that they require smaller housing on the supporting

mast. .

3.1.4 Color Light )
The most widely used illuminated signal employs three separate

lamps displaying three colors: Red} vellow and green. This device
called a color light signal, has no moving parts and is usually
arranged in a vertical row with the green light on top, the yellow
in the middle and the red at the bottom. A typical color light
signal is shown ianigure 3-3. Multi-head installations are often

used for approach or ' advance signal indications.

3.1.5 Position Light . (

Position lights, imitating semaphore blades, were put into

use around 1915. In these signal devices, eight lights are
arranged in a circle around a center light so that a group of

three of the lights can be used to display a horizontal row,

a vertical row, a row of lights ascending to the right .(upper
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quadrant), and a row ascending to.the left (lower quadrant).’
Additional aspects are possible but seldom used. Figure 3-4
illustrates a typical position light signal. A "cross" con-
sisting of five lamps is sometimes used to indicate that a
diverging route iils to be taken, and a circle of eight lights

is used to order the lowering of the‘electric power pantograph
on electrified railroads. Flashing Tights provide addltional
aspects. However, four basic aspects conforming to the tradi—
tional semaphore are most often used. The vertical row deuotes.
a clear track, the 45° positions are both of a warning nature-

and the horizontal row denotes stop.

When additional aspects are reouired double heads are seldom
used. Instead, a- variety of auXiliary lights and appurtenances
are added to the s1gnal mast below the primary 51gna1 Some
auxiliary lights are singular, and some have three lamps in a
row. The multiple lights may be arranged either 45° ‘to the left,
45o.to the’right, or vertical, but only one of the three.’ See
Figure 3-4. These are all static displays. Auxiliary lights
can change the positioh light aspect only by being 1lit or off.
The color amber i§ the same for all lights in both the primary
pand qualifying‘fixtures; Its ad&antage is that:it-prOVides
maximum. visibility under adverse weather conditions. The use
of three lights in the primary signal allows one to fail and
still convey the proper ~aspect. ' The signal system is de51gned
so that the failure of . the auxiliary lights will produce a ~more
restrictive aspect

-

3,1,6 Color Position Light

Color position lights became operational in 1921, combinihg,
the color light and podsition light features as illustrated in
' Figure 3-3. The color position light display is the same physi-
cally as the position display except the center light is omitted.

The position aspect of the color position signal is conveyed by
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only two lights where the position light uses three. The verti-
cal arrangement of two green lights denotes a clear track. Two
yellow lights ascending to the right (upper quadrant) convey

a warning indication denoting medium speed. Two lunar white
lights ascending to the left (lower gquadrant) convey a warning
indication for limited speed. A horizontal arrangement of red
lights denotes danger. These four basic aspects are expanded
using qualifying lunar white lights above, below, and to the
left of the primary lights, and yellow lights to the upper and
lower right quadrant of the primary signal. The primary signal
has a fail-safe feature in that the indication is the same even
with one light extinguished. The aspects are arranged as in the
position light signals so that a loss of the secondary qualifying
lights will produce a more restrictive indication than the auto-
matic signals initiated. The disadvantage of this signal light
system is that it is larger and takes up more space than other
systems which convey the same information. The advantage is

that the redundancy of the display assures reliable operation.

3.1.7 Auxiliary Markers

There are many auxiliary signals that are used to supple-
ment or provide added instructions for a block or interlock
signal. Each railroad has a system of auxiliary markers, and
they are not always common among properties. Figure 3=5 illus-

trates the most common markers associated with ABS and TCS signals.

Number Plate - The number plate is used to designate

block signals and indicates the signal number.

. Permissive - This signal is usually a fixed triangular
sign with yellow background and black letter "P." It
indicates to the engineer that he may proceed through
the signal at restricted speed without stopping, if

permitted by operating rules.
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. Grade - This signal is usually a triangular sign with a
yellow background aﬁd black: letter "G". It is associated
with signals at heavy grades where trains exceeding a
certain tonnage or length can proceed at restricted speed
through a "stop and proceéd" signal without stopping.

. Absolute - This signal is usually a fixed sign of yellow
.background and a black letter "A". It indicates the .
associated home signal STOP is absolute and the engineer |
man cannot proceed past the sighal without authority. |

. Siding - An illuminated roundel provides an indication
for the train to move into tne‘siding usually at a reduced
speed. The signal is located on the signal mast below
the home signal head and consists of an illuminated (lunar)
background with black letters. "S" indicates take siding.
Other letters are used to convey different indications

but are not necessarily common among operating railroads.

3.2 Wayside Signal Aspects, Titles and Indications

The following description of aspects, titles and indications
is based on The American Association of Railroads .(AAR)Standard
Code, Figure 3-1. Appendices C,‘D'and E cléarly show that most
railroads have expanded these aspects, titles and indications fo

meet their operational requirements.

The most important aspects found on signals having only

one head or semaphore arm are:

. CLEAR - Green light: "Proceed." Other aspects that are

used for this include a vertical semaphore blade, a
blade dropped 45 degrees or more below horizontal, a
vertical row of amber lights, or a vertical pair of

green lights.
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APPROACH - Yellow light: "Proceed prepared to stob at

next signal. Train exceeding medium speed must imme-
diately reduce to.the .approach speed." This signél is
used one block in advance of a STOP or a STOP and PRO-
CEED signal to give the engineer early warning. The
APPROACH aspect may. also be displayed by a diagonal

. semaphore position, a horizontal blade either painted

yellow or with a fishtail, or diagonal yellow or amber

~-lights rising to the right.

*8TOP - Red light: "Stop." A horizontal semaphore blade

or a row of hdrizontal amber or red lights may be used.
Because a train may not pass a STOP signal, it is also
known as an "absolute" signal. Sometimes a letter "A"
is-added'to:the‘mast to. ensure this. Sometimes a .second
red light directly under the first is used; but a single
red light is all that is required for absolute STOP.

The absolute stop is. always used at interlockings .and con-
trol points, but it .is considered a huisance by most railroads
in block signal territory. The reason is that any signal
which has become red because of a circuit failure could hold a
train in a remote location for hours although the track is
‘actually clear. To avoid this, a STOP and PROCEED signal is

preferred for automatic block signals.’

STOP AND PROCEED - Red LightAwith a marker: "Stop;
then proceed at restricted speed.” The signal may ‘be

identical to the STOP. signal, but railroad men will
recogniée it by a definitive marker. A pointed s;maphore
blade may- be used or a marker light may be mounted on
the mast below to indicate STOP AND PROCEED. It will
usually be in a staggered position so the signal will

not be misread as an interlocking signal where the
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lights are in vertical alignment. 'Alternatively the
marker may be a number plate, or the letter "P" for
permissive or letter "G" for grade painted on the mast
or on a plague. A "grade signal" is sometimes used on
an ascending grade to permit slow-moving tonnage trains
to pass the signal without stopping. This prevents the
train from stalling on the grade if forced to a full

stop before proceeding.

An operational deficiency of the STOP AND PROCEED concept
is that the broken rail feature of the track circuit is not
used. A train can proceed on a STOP AND PROCEED signal with the
engineer erroneously assuming that there has been a signal ‘
failure. The train can then become derailed by.a broken rail

which was responsible for causing the STOP AND PROCEED aspect.

"Restricted speed" may be from 5 Km/h' (3 MPH) to 32 Km/h
(20 MPH) , the exact figure being specified in the railroad's
operating rulebook. After making the stop the train crews are
expeéted to be on the watch for broken rails, another train,

a washout, or other obstructions.

/ These one-head signals displaying aspects for STOP AND PRO-
CEED; APPROACH, and CLEAR aré adequate for most automatic block
signal needs, but a few railroads use two-head block signals. A
need for an advance signal arises with higher speeds or short
blocks where heavy tonnage trains require earlier warning in
advance of a STOP signal. For this the APPROACH-MEDIUM signal

is sometimes used.

APPROACH—MEDiUM - Yellow above green: "Proceed, apbroach—

ing next signal at medium speed." Medium speed may be defined

in the rulebook as 24 Km/h (15 MPH) to 72 Km/h (45 MPH) depending
on the terrain, the traffic density, traffic type, turnouts

and switches; but 48 Km/h (30 MPH) seems to be the accepted:

medium speed.
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The APPROACH-MEDIUM signal will be located two blocks in
advance of a STOP signal. At one time two blocks of identical,
single-head APPROACH signals were used for this extra protection,
but this was a tragic mistake that resulted in disastrous
accidents. Locomotive engineers tended to assume that any
train ahead was moving away and that they had another yellow
block ahead as they passed each yellow signal. If the train
ahead was, in fact, stopped, the following train proceeded
through the last yellow signal too fast to stop at the red

signal.

Another reason for two-head block signals is historic.
Lower-quadrant semaphores usually did not have a middle position
for APPROACH. In that case a lower head was added, and this
was treated as an independent signal displaying the APPROACH
aspect for the next block. It had yellow and green lenses and
a yellow blade, whereas the upper head was red with red and
green lenses. The only interconnection between the signals was
that if the upper was at red, the lower could not be green.

Such signals are still used at a few locations on the Union

Pacific.

Automatic block signals are normally CLEAR, displaying
other aspects only as trains occupy their blocks. Originally
light signals were continuously illuminated, but "approach
lighting" has come into widespread use. With this system a
signal is dark until a train approaches. It then turns on
and performs normally. When the train clears the signal by
two blocks, the signal flashes to green for a moment before
going dark. This system has the obvious benefit of saving

batteries and reducing maintenance costs.
Interlocking signals need only one head. Red means

absolute STOP. However, most interlocking signals have two

or more heads in a perfectly vertical alignment and they
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normally display red. No matter how many;heads, this means
absolute STOP. Only when a specific train movement is anti-
cipated, or is to be favored, is the interlocking signal given

some other aspect.

In general, each head of the signal is related to travel
through the interlocking plant at a certain speed,. and usually
on a eertain route. If the top head is cleared, it is for the
normal-speed route--usually the main and straightest route. If
the next head is cleared, it is for a medium-speed route, usually
the most important of any branch routes. It can be used for
more than one such route if there are several. The third head,
if used, is devoted to a 1ow—speed route in the same way. Four
heads are used for four routes in the same way, but four-head
31gnals are rare.,

‘ ! .

Each of these heads can display red, yellow or green. ‘The
indication given depends on the combination of all the heads.
Usually all heads bﬁt one are red. There are some instances of

displaying green or yellow on more than one head.

CLEAR - Top head green with any and all lower heads red.
APPROACH - Top head yellow with lower heads red.
' STOP - All heads red. It is absolute.

So far'the aspects are identical to those of single-head

signals except for the added lower heads’ which display red.

MEDIUM-CLEAR - Second head green, others red: It indicates

"Proceed at medium speed within interlocking limits." This

means the train either is being diverted to the branch line or

is entering from the branch.
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SLOW-CLEAR - Third head green, others red: It indicates

"Proceed at slow speed within interlocking limits." It is
used for less important branch routes or several such routes.
One use is when traversing crossovers that have low frog
numbers, or when diverting into a sharp curve. The railroad
operating rulebook may define "slow" as 16 Km/h (10 MPH) to
40 Km/h (25 MPH),\but the most common is 24 Xm/h (15 MPH).

So far signals and indications have been straightforward,
but the use‘of a yellow aspect on interlocking signal heads is
another indication. The rule for interlocking signals provides
an exception to what is generally expected for block signals.
It is called RESTRICTING.

RESTRICTING - Yellow at bottom, all other heads red:
"Proceed at restricted speed." 1Instead of the yellow bottom

head applying to the expected route, it apblies equally to all
rouﬁes. Engineers can tell the route only by looking at the
switches. THe speed limit is approkximately 3 MPH, but no stop
is required. The RESTRICTING signal is used to call a train
into an occupied block, so it is popularly called a "call-on" |

signal. Here are some of its uses:

To let a train into any route to couple onto other cars

occupying the route.
To let a work train into the plant for repair or rescue.

To let a]train enter one-way track in a direction against

normal traffic.

. To let a train through the plant when for any reason

the signal or interlocking system is out of order.
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. To let a train _enter non-signaled track such as an
unprotected passing track or an industrial spur that

happens to connect with the interldcking-plant zone.

. To let a train from such minor track as the foregoing
re-enter the plant. ' For this a dwarf signal is usually
used. !

. To let a train énter the plant from one-way track when
coming from the wrong direction. A dwarf is frequentlj

used here as well.

The dwarf signal is equivalent to the bottom head of a

- three-head interlocking signal. When it.displays red it means
STOP. When it displays yellow it means RESTRICTING. When it
displays green (rare, but used in stations) it méans SLOW-CLEAR.
Dwarfs are used for minor track entrances to fnterlockings; for
wrong-direction movements, as starting signals in large. passenger
terminals; and sometimes at junctions. in hgavy_traffié greas,
especially where speeds are slow. Figure 3-6 illustrates dwarf

signals and signal aspects.

When yellow appears on any of the upper.heads of an inter-
locking signal, it gives the indication APPROACH-MEDIUM-APPROACH
(not the same as APPROACH-MEDIUM); and on a four-head signal the
third head can-display,SLOW—APPROACH.‘ SLOW-APPROACH cannot
ordinarily be displayed on a three-head signal because the red/
red/yellow aspect is reserved for REéTRICTING. However, a few
railroads do have the practice of uSing a short semaphore arm
for call-on and a normal-length arm when route information is
intended. When the bottom arm is long, the only way.a call-on
can be given by such a signal is with a flagman on the ground.
6n a few railroads this deficiency‘is obviated by the use of a
flashing yellow light at the bottom position to indicate
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MEDIUM-APPROACH or SLOW-APPROACH, while a steady yellow indi-
cates RESTRICTING. In these cases the approach means that the
next signal is STOP.

~ One more practice in interlocking signals requires considera-
tion. That is the use of dummy signal heads that never change
their aspect. Suppose the interlocking protects a crossing and
there are no track switches. Then only one route is possible
for each track through the crossing. This will often be sig-
" naled with two-head signals at each entrance. The lower head
of each will be permanently red. Another use of the dummy 2
head is with junction switches. Going in one direction, trains
have a choice of main or branch routes. Thé upper head will
indicate a cleared maih,.the lowér head, a cleared branch.
However, in coming in the other direction the two tracks con-
verge into one, so the upper head will be active and the lower
may-be a dummy along the main line, while the upper head must
be a dummy on the branch entrance, because clearing it would
give faise information. Sometimes a dummy head is represented
by a permanent marker light displgying fed atvthe location where

the otherwise useless head would be positioned.

Most signals are primarily safety.devices, but with traffic
control, systems (TCS), signals are also. used to hold a train in .
a siding so other trains with higher priority can be expedited.
At each passing track, and at the beginning of double track in
TCS territory, there will be a set of signals. The dispatcher
can position the turnout switch and he can clear any one of the
‘éignals at a time. He does this with levers, switches or CRT
light pens on his TCS console located at some central office.
-Compufer controlled systems\are being used more and more to
provide traffic control and train routing almost aﬁtomatically'
with the dispatcher making decisions bf‘conflict. Consider a
' frain approaching a diverging route from a single track. The
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upper head of a two-head signal controls mainline movement.

The lower head is for TAKE SIDING and it may display yellow for
RESTRICTING movement into the sidetrack or some other aspect

such as flashing yellow or green for faster movement, depending
on the operating rules of the railroad and whether the sidetrack
has track circuits. Leaving the main track, a single-head signal
is adequate. Leaving the sidetrack, a dwarf signal is often
used, but a mast signal is also appropriately used. The dwarf
has the advantage of its not being confusing to passing mainline

trains.

The track section between the three signals at the end of
a siding forms a sort of interlocking plant, and it is called
an OUT OF STATION (0OS) section. When a train passes through it,
an automatic recording pen marks the fact on a roll of moving
graph paper in the TCS machine. This makes it unnecessary for

a station operator to "OS" the train by telephone.

Along the mainline between sidings there usually are block
signals controlled by the automatic block system, and therefore
it is not necessary for the dispatcher to control them. Rather,
they are controlled by track circuits and appropriate block

configurations.

3.3 Cab Signaling Aspects and Indications

There are two commonly used cab signal displays in the
United States. One is a color light display and the other a
modified version of the wayside position signals. These are
shown in Figure 3-7 and Appendix F. In both there are four
circular fields arranged in a vertical row. In the color light
display only one circular field is lighted in presenting an
aspect. Therefore only four aspects are possible in the system.
The top circular field contains a green light which, when 1lit,

indicates a clear track. The second circular field is split,

P X



ASPECT

NAME INDICATION
4 MDICATION 3 IMDICATION 2 WD ICATION
CLEAR PROCELD. | @ @ @ @ @ | @
(STAMDARD COOE
(corresponds RULE 201
to a 180-code
rate)

APPROACH MEDIUN

PROCEED APPROACK
NG MEXT SIGHAL AT

1o a 75-code
rate)

OMCE REDUCE TO
THAT SPEED.

(STAMDARD CODE
RULE 265

MEDIUM SPEED. ® @
{corresponds (3TAMDARD COOE @ @
to a 120code RuLE @)
rate)
- APPROACH PROCEED PREPARING
YO STOP AT MEXT
SIGNAL. TRAIN EX- @ @
(corr nd CEEDING MEDIUM
esponas SPEED MUST AT .

PROCEED AT RE-

RESTRICTING
STRICTED SPEED. .
(STAMDARD COOE ® @
RULE 79%0.) '
(corresponds ® @ ®
to a Ocode @
rate) I @ @
G-GREEN Y-YELLOW R-RED W-LUNAR WHITE

Figure 3-7. CAB SIGNAL ASPECTS, TITLES AND INDICATIONS
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with the top half yellow and the bottom green. When lit it
indicates that a reduction of speed is required. The third
circular field contains a yellow light. When it is 1lit it indi-
cates a speed restriction more severe than the yellow over. green
aspect. The fourth circular field is also a split with the top’
half red and the bottom yellow which when this is lit, it ihdi-
cates that a stop is necessary or a very restricted speea is
dictated.‘ ’ b '

As in wayside aspects, -one cab signal aspect may have more
than one indication as shown in Figure 3-7. The ' Engineer is
responsible for the proper interpretation for the track terri-

-

tory in which the train is traveling.

3.4 Human Factors in Signaling - o

Appendix C is an accumulation of the wayside signal aspects
“used by only 20 U. S. railroads and may or may not represent the
entire American railroad community. However, the variety of
signallaspects shown there is almoét overwhelming. It is almost"
certain that even an experienced locomotive engineer would be '
hard pressed to opefate a train with any confidence through all
of the territories represented by them. This lack of confidence
stems from the fact that there are too many éspects to remeémber.
One of the human factors to be considered in standardizing a
signalihg system involves the human inability to totally recall ,
‘information. The,recail_of totally abstract information is more
difficult than information which is arranged in some logical
‘order. Signaling systems should be structured in an orderly ;
fashion so as to be easily recognized. Most of the aspect systems
surveyed in this ‘study havg a nucleus of orderly structure.

However, they appear to have been distorted by arbitrary additions.-

Human limitations of observation are prime factors to be
( :
considered in a wayside signaling system. In M. Mashour's
treatment of "Human Factors in Signaling Systems”, Document

4
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reference 306, Appendix A, it is well dodumented that the more
complex the signal aspects, the more likely it is thatvhuman'
capability will be exceeded and misinterpretation will result.
Misinterpretation is even more likely if the observer is sub- '
jected to stress or is required to ‘concentrate on other problems.
Human limitations of observations'were demonstrated by G.

Belforare Johansson and his collaborators in a test to determine
the most desirable highway signs for new installationé. The

tests were conducted in Europe, involving five subjects who were
driven in a specially equipped automobile over about one hundred
miles of highway. The subjects' only responsibility was to

press a button when the car passed the road sign. Under ideal
conditions of good weather, daylight conditions and good visi-
bility, at speeds of around 88 km/h (55 MPH) the number of

signs registered by the participants ranged from 365 to 405 out

of a total of 424 signs. The tests showed a miss-rate of from

‘5 to 14 percent. Such a statistic is not reassuring in considering
that railroad wayside signals depend upén the human as an integral
part of its operation. This is particularly true when the
locomotive engineer responsible for detecting the signal is

likely to be distracted by any number of other responsibilities.

Another aspect of human limitation in the observation of
wayside signals is the effect of motion oﬁ the human eye.
"Human Factors in Signaling," again, treated this effect in
detail. The eyé and nervous system are coupled together for the
purpose of being attracted to an object in a field of view
filled with numerous distracting influences by either abrupt
changes in position or light intensity. The central portion
of human vision is not as sensitive to detecting stimuli of this
kind as the peripheral part of vision. Items of interest are
more often detected in perphefal vision and»bfbught into the
central visual field by eye movement for more detailed obs%rva—
tion. When the observer is moving and the central visual cone

of the observer's eye is directed along the path of travel,
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the peripheral visual field is overstimulated by apparent move-
ment of nearby objects passing to either side and the detecting
capability is considerably impaired by this overload. In signal
detecting, the peripheral field is relatively incapacitated by

this effect and the central cone must act as detector, and that

cone is not well suited for the task.

Speed,‘motion and the physiological limitations of the human
eye certainly require a deeper look at sighaling requirements
for higher train speeds. The article, "High Speed Traffic
Signalling", by O. Weber, Document reference 85, Appendix A, pro-
vides four basic principles for high speed signaling.

. Wayside signals should be abandoned because of the
difficulty the operator has in observing them. The
complexity of most wayside signals reduces operator
reaction time and affects braking distances that are

critical at high speeds.

. .Cab signals are necessary for high speed operation.-
They should not be a repeat of wayside signals but
should convey quantitative information that is easy

to comprehend and act upon.

.. The information provided to the operator should pre-
ferably be continuous. An intermittent data system
is acceptable, but not a point-to-point systém. The
‘operator must be able to perceive restrictive indica-
tions in advance. | '

. Any system should provide the operator continuous speed
restrictions with automatic braking or full automatic

running control as preferred options.
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In the book, Human Engineering Guide to Equipment Design

(Sponsdréd by the joint Army-Navy-Air Force steering committee),
human factors in signal and warning devices are dealt with in
some detail. ‘Sevefél aspects are treated ﬁhich.are pertinent
to cab signaling and to a lesser degree to wayside signaling.
Among these is the research into attentiveness of operators in
tasks requiring manual operation of .devices which have feedback
in the form -of indicators.that require control adjustments.

This study verified formally the intuitively obvious fact that
alertness diminishes with the passage of time and it also .
diminishes with boredom. An audible warning device is requiréd.

A goodlaudible warning device should meet four requirements:
. Attract the attention of a buéy or bo;ed operator.
. Tell him what is wrongland what to do to‘correCﬁ it.
Not interfere with his other duties;

. Be fail-safe and not give false warnings- or fail to -
provide the correct warning. Failures if they do

occur,‘should'be‘easily‘detected.

In signal design, -consideration should beigiven to the
urgency of the warning being provided. Flashing lights have
high attention value, but they are also more disturbing and may
cause ill-advised snap jﬁdgements. Audible horns are also of
high attention value,  but they can interfere With verbal com-
munications. Light intensity should be carefully evaluated
for both night and day operations so that a warning light is
intenée enough to get the oper;tor's attention but not be
blinding or visually irritating.‘ All signal and warning lights
and other displays should be within a 30 degree visual cone of
the operator's line of sight. If words "are included in a.warning
display, the words should be black on a lighted background for
the most effective attention value.
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Red, green, yellow, and white color lights have the advantage
over other colors in wayside signal applications because the
colors can be produced from tungsten filament lamps through color
filters. Blue and purple filters transmit only a fraction of
the visible light produced by a tungsten filament. White and
yellow should not be used together because they are easily
confused by the human eye. If they are used together the white
1ight should be of a high color temperature, often called "lunar
white" or "bluish white." If yellow and green are used together,
"the green should be bluish green to minimize confusing it with

vellow.

In distant application, color light signals should conform
to the Illuminating Engineering Society Lighting Handbook (1966)

formula:

2000 I

=7

v/
It

Il

where D.= distance in feet and
I = intensity in candles for similar unit with a clear

rather than colored lens

This applies to red or green signal lights which‘are steady
rather than flashing. For'yeliow and white light, the distance
is somewhat greater and for blue and purple light somewhat
shorter. For all lights the,reéognition distance in clear
weather is considerably greater than the formula indicates.

Haze and fog reduce the distance ¢onsiderably.
For flashing signalsf the candle power value of the above

formula may be reduced considerably from thé steady state value
as shown in Weslers formula (1960):
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t 8. 1
0. 094t

where Ie = effective intensity in candles

I = intensity of steady light in candles, and

t = flash duration in seconds

The formula is effective for flash durations of 0.1 seconds or
greater. Flashing lights should have a repetition rate of 4
flashes a second for maximum attention value with least visual

nerve irritation.

In summation, human limitations are strong factors in
favor of completely automatic train operation. Unfortunately,
economic considerations make automatic operation of trains quite
unlikely in the near future. Cab signals are not as vulner-
able to human limitations and are the next choice as an ideal
signal system. Again, economic factors have worked toward
eliminating cab signals almost entirely from the American scene.
As a distant third choice, there is a strong need for standard-
izing wayside signals, but even this step will probably not be

undertaken in the near future.

While none of the three approaches toward improved
signalization appears likely in the near future, goals should
be established for alternative upgrading programs. Coupled
to this should be a program of government incentives to encourage

investment in improved signal systems.
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SECTION 4.0
FOREIGN' SIGNAL TECHNOLOGY |

4.1 Foreign Wayside Signals

In the early stages of this study, as’repbrted in the Task 1
final report, Document reference No. 394, a number of requests
for information on foreign signal systems were initiated. The
significanﬁlresponses received from several countries have\been'
supplemented by the literature search, reported under Table I,
as well as by'intervieWS'ﬁith foreign techncial and management
personnel. ' ‘ '

Signal aspect, title and indication data are presented here
for Britain, Germany-and Russia. Some of the data is interpre-.
tive due to differences in applied meanings of technical terms
that occur in translation.' The "distant" signal, for 1nstance,‘

is functionally equlvalent to our "approach" signal.

-

4.1.1 Slgnals 1n “Great ‘Britain

‘\ Representatlve way51de signal types of British rallroads
are shown in Appendix G. ‘British signals may be classified as
main signals, junction signals, and distant signals. Main sig-’
nals compare to U. S. "home" or "block" signalé and are used
in open running between stations, yards, and sidings. Junction
signals correspond'rOUghly to' U. S. interlocking signals. They
are used to give route information. . Distant signals are used in ~
the same-fashion ‘as in the U. S. to provide information about

conditions ahead.

In Britain some wayside signals are semaphore signals, but
they are being phased out as much as economic conditions allow.
British semapﬁores are much like U. S. semaphores except the
signal blade is mounted on the left (or train side) of the sup-

porting mast. Semaphore signals are used as main , distant and
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junction signals. The sémaphore blade has only two positions,
horizontal and 45° ascending to the left (upper guadrant).

/The position ascending to the right (lower quédrant) is seldom
used. 45° denotes clear track ahead; horizontal means stop.

When a caution aspect is needed to warn of the next signal a

second semaphore arm is used. It also has two pdsitions

similar to the upper blade. The primary blade is red 'and the
secondary one is yellow. Night lights for the upper blade are
either red or green, and for the lower, either yellow or green.

The detailed mechanism of semaphore blade operation and description
of the power actuator were not available in the 1iterature‘surveyéd.
Probably electric and pneumatic power are utilized as in the.
'quted States. The blades return to the horizontal when powef
fails.

' Color light signals are much the same as those used in the
United States. Searchlights, three-color lights and moveable
colored lens lights are used in all types of signals. Some
signals employ four lights; oﬁe red, one green, and two yellow.
These are used mostly where distant signals may be required, in
which case the two yellow lights are used. Two yellow 1ights‘
denote caution at the next signal, and one or two flashing yellow
lights denote that aidiverging route is to be taken at, or just

beyond, the next signal.

Junction signals on some Brifish lines include a schematic
representation of the diverging tracks ahead. For example, a.
single branch to the right will show two searchlight signals, one
on top of the signal mast, the other dn a branch mast to the right
and slightly lower. If the switch is set for the main route, the
light on top of the mast will be green'ahd the light on the short.
mast to the right will be red. And if the right turnout is to
be taken the reverse will be true. It appears that speed informa-
tion is~conveyéd-by yet'another two-light signal at the lower
part of the signal mast. . However, the reference material is not -

specific in this regard. Junctions with as many as three
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turnouts have been signaled in this manner. The same schematic

presentation is used with two-light and three-light signals.

In some signaling systems the lamps have two filaments and
are so arranged that failure of the main filament will provide
.an alarm at the control center and automatically connect the

second filament to power so that light is interrupted only

‘for the time required for relay operation.

4.1.2 Signals in West Germany

The signal data accrued during this study are shown in
Appendix H. German signals are classified into four categories,
much like British signals. These categories are primary signals,

distant signals, repeater signals, and switching signéls.

Semaphore signals are still in use in West Germany, although.
they are also being phased out in favor of more easily maintained
color light signals. Single arm semaphore signals are used as
primary and switching signals but never as distant signals. Like
semaphore signéls in the United States, West German semaphore
.blades are mounted on the right side of the signal mast away from
the traih. All semaphore blades are white with a red border.

' The blade has a small disk at the end which also has a'red border.
Semaphore arms generally have only two positions. Three-position
semaphores were introduced in 1940, but they never achieved wide
uéage. In the two-position semaphore the positions are horizohtal
for stop, and the upper quadrant»45O (ascending to the right) for °
qlear.

When a slow-travel (distant) aspect is required, a second
semaphore arm is used. The ineffective position of this second
semaphore arm, that is when it does not contribute to the aspect,
is when it is vertically aligned with the signal mast. A
slow-travel aspect is presented when both signal arms are at 45°
in the upper quadrant (ascending to the right). '
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When semaphore signals are used as switching signals they
are always accompanled by a ‘'square display mounted on a separate
mast usually on the right and 1n front of the semaphore mast.

The square dlsplay has a moveable 01rcular whlte fleld with a
black bar 1n the center. As a sw1tch1ng s1gnal the semaphore
blade is always horlzontal to denote danger.‘ When the black-

bar of the secondary signal is horlzontal, stopplng and switching
is prohibited. When the black bar is ascendlng to the right,
stopping andlsw1tch1ng 1s_perm1tted. ‘

Color light signals are used in all phases of signaling 'in
West Germany. In some cases the position of the color lights is
51gn1flcant as to the klnd of 51gnal displayed. Primary signals
vmay contaln a field of four llghts or s1x lights. In,eitherg
case the background is a black vertlcal rectangle. 'ih the
four-light display the colors are the conventlonal red, yellow
and green; the .color of the fourth light is not known and its
purpose was not revealed. The six-light.signal is used at
entrances to junctlons where 1t serves as a junctlon signal as -
well, Color llght dlstant s1gnals and repeater signals are  formed
by a black rectangle tllted ‘to ascend to the rlght. The yellow -
and green light dlsplayed are form s1gnals as well ‘as color light
signals in that they are dlsplayed ‘in palrs ascendlng to the
right. Repeater 51gnals are used in cases where the distant
signal itself requires additional‘forewarning. Repeater signals
are distinguished -from distant signals‘by a lunar white light
mounted in the center of the upper long 51de of the tilted
’ rectangular display.

Distant signals include‘a type of’signal which is not
common outside of Germany. The signal is a moveable disk
which 1s arranged to be ‘either normal’ to the englneer s view
or hlnged up to be edgewise to the englneer s view. The disk

is orange with a black inside border and white outer border.
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When .the disk is normal to the engineer's llne of sight, the
indication is that the prlmary signal 1s in the stop pos1tlon.
When the disk is edgewise to the engineer's line of sight

the 1nd1catlon is that the primary signal is clear. An addi-
tlonal semaphore arm 1s added below the disk to indicate a
primary signal set for slow travel. The added semaphore arm
is shaped like an arrow pointed downward and pivoted in the
center. This third aspect is in effect when the orange disk
is "full" and the semaphore descending from left to right at

N

45°, : : o

These signals are augmented by secondary signals and markers,
some liéhted others not. Signs spaced at 1ntervals in front
of a distant 51gnal are called beacons. Three s1gns are generally
used. The first one encountered will have three diagonal '
stripes ascending to‘the right. The second will have two
stripes, and the third will have one" strlpe. These give notice
that a distant 51gna1 is ahead Speed restrlctions are given
in a triangular sign with the point down. If the speed restric-
tion sign is at a junction where the speed restriction may vary,
a lighted matrix is‘included which will display a number repre-
senting the speed 1imitation. Usually, the number presented
is the speed in km/h minus the least significant digit.
Acceleration indicators are diamond shaped signs which may
include a lighted matrix. The matrix can produce an arrow

pointed up or down, signifying acceleration or deceleration.

Where‘multiple track switching is signaled at a station, a
lighted matrix may be installed at the station home signal to
shoW what track, by'number, to which the interlocking is aligned.
Where the junction is less complex,:schematlc llghted route

displays are often used. .
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4,1.3 Signals in the Soviet Union

Russian signal aspects and indications are shHown in Appendix
" I. Russian signals fall into four categories: home signals,
route signals, starting signals, and intermediate block signals.
Home signals are located at the entrance to stations. Route
signals are used to regulate traffic within a station. Starting .
signals are located at the exits of a station to regulate traffic
leaving the station. Intermediate block signals are used to

regulate traffic on main lines between stations.

Sémaphore,signals are also still in use ih the Soviet Union.
They are almost identical to the German semaphore signals. The
upper arﬁ has two positions and a second arm\is added when a - -
distant aspect is requiréd. They are also in all categories of

Signals. ' -

Color light signals are used in various forms. Searchlight
' signals and two and three vertical rows of light displayé‘are
used.. In each, a green light indicates a clear”track,.yellOW
some form of warning‘ana‘red indicates stop. Some combinations
of colors ére also used, as well as'flashing colors, to expand
the aspects for.certain4conditioné of speed and route indications.
Lighted green horizontal stripes under the primary color light

signals are also used as added aspects.

Permissive qualifying lights and signs ‘are added below the
primary signals in automatic block territory to allow freight

trains to pass a red signal.

Route indicators are added to route signals and starting
signals to indicate tﬁe track number for which the interlocking
is set. These indicators may be lighted matrices on which a
number may be displayed, or a lighted route indicator consisting
‘of rows of light schematically representing the route to be
taken. These indicators are usually mounted to the signal mast

below the primary signal.
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4.2 Foreign Cab Signals

Information obtained during field trlps conducted during
Tasks 1 and 2 of this study program includes vendor supplied
information. A sample of a CATC cab signal display is included
in Document reference 394, Appendix A and Section 6.4 of this
report. It represents a cab control display utilizing scalar
information rather than signal aspects. The system is in »
limited use in West Germany. A similar brochure was received
for the Italian Rome-Florence Line, which utilizes a simplified
four aspect cab signal display. The Italian system is used in
conjunctlon with automatic train control and is briefly discussed

in Document reference 394, Appendlx A,

The  Russian cab signal display consists of a vertical row
of five circular lighted fields, very similar to the U. S. cab
signals. Only one field is lighted at any time. The top field
" displays a green light.” The second a yellow and the third a
yellow over red. The function of the fourth circular field
was not revealed in the Russian Rule Book. The fifth circular
field is a white light which, when lighted, indicates that the
onboard equipment is ‘"on" but no signals are being received
from the track, and wayside signals are to govern train movements.
The aspects and indications of Russian cab signals is\included

in Appendix I.
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SECTION 5.0

OPERATING RULES

U. S. railroads operate under rules developed by each com-
pany within the guidelines of the AAR Standard Code of Operating
Rules, document reference 281, Appendix A, and the requirements
of the Federal Railway Administration (FRA) Regulations 49
CFR 217 and 218. Each railroad's operating rules are required

to be submitted to the FRA for review of compliance.

The AAR Standard Code is the basic document used in the
development of each railroad's operating rules. However, the
code was developed after most of the private railroad operating
codes had been published. There has therefore been little

standardization.
Government regulations were established to enhance safety.
Most Federal regulations are administered by the FRA through the

Signal Inspection Act and the Railway Safety Act.

5.1 Federal Rules, Standards and Instructions

Government safety regulations bégan in 1906 when the Inter-
state Commerece Commission (ICC)was vested with the responsibility
for investigating and reporting on the necessity of block signal
systems and appliances for the control of trains. This regulatory
effort culminated in the Signal Inspection Act of 1937 which was
a part of Section 26 of the Interstate Commerce Act. In 1967
the administration of the Signal Inspection Act was transferred
to the Department of Transportation under the the Department of
Transportation Act (49 U.S.C. 1651-9). The Federal Railroad
Administration reissued the Rules, Standards and Instructions
(RS&I) for Signal Systems as part of the Code of Federal Regula-
tions (49 CFR 236). The RS&I, in consonance with the Signal

Inspection Act and ICC orders, has become the principal instrument
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for Signal System safety regulations. The Signal Inspection
Act assigns FRA the authority to:

. Order any carrier (railroad) to install a signaling
system, device or appliance intended to promote the

safety of railroad operation.

. Prohibit a carrier from discontinuing or materially
modifying a signal system, device or appliances without

approval.

Inspect and test railroad signal systems, devices

and appliances.

. Prohibit a carrier from using a signal system, device

or appliance unless it is in proper working order.

. Require a carrier to report failures of signal systems,

devices or appliances.

. Enforce compliance of related rules and instructions.

The goal of the government regulations was and remains
the promotion of railroad safety by reducing train accidents and
personal injury through the enforcement of the rules, standards
and instructions for signal/control system installation and
maintenance. The Railroad Safety Act of 1970 gave FRA authority
over all domestic railroad operations including the requirements
of the Signal Inspection Act (RS&I).

5.1.1 Interstate Commerce Commission Orders
In 1922 the ICC issued order 13413. This order established

the specifications and requirements for the installation of

automatic train stop or train control devices pursuant to Section
26 of The Interstate Commerece Act. However, after hearings con-
ducted in 1928 the ICC decided that the installation of automatic

train devices would no longer be required.
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In 1947 ICC grder 29543 was issued defining appliances,
methods and systems intended to promote safety of railroad
operations. This order established the requirement that
automatic block signal systems (ABS) be installed on any
railroad line where passenger trains were operated at 97 xm/h
(60 MPH) or more or any freight train was operated at 80 km/h
(50 MPH) or more. The ABS was required to conform to the rules
and standards established by the RS&I of 1939. The order further
established requirements necessary where a manual bleck system

was to be used in lieu of ABS.

The order also established the requirement that automatic
train stop, train control systems, or continuous automatically
controlled cab signal systems be installed on any railroad line
or parts of lines where passenger or freight trains are operated
i30 ¥m/h (80 MPH) and above.

Authority for the enforcement of the ICC orders was trans-
ferred to the FRA in 1967. These orders are still in effect and
enforced by the FRA along with the RS&I.

5.1.2 Rules, Standards and Instructions (RS&I)
The RS&I was developed under the Signal Inspection Act.

The Act was originally enforced by the ICC, and authority for
enforcement was transferred to the FRA in 1967 as 49 CFR Part
236. Part 236 of the Code of Federal Regulations provides rules,
standards and instructions which railroads must observe during
installation, inspection and maintenance of signal systems,

devices and appliances.

The following general outline of Part 236 is provided to

illustrate the organization and content of the RS&I.
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Subpart A -

Subpart B

Subpart c

Subpért D

N

Subpart E

!

_..8ubpart F -

Subpart G -~

Rules and Instructions; All Signals
General ‘ ‘
Roadwéy Signals and Cab Signals
Track Circuits

Wires and Cables

Inspection and Tests; All Systems
Automatic Block Signal Systems

Interlocking
Rules and. Instructions

Inspections and Tests

Traffic Control Systems
Standards '
Rules and Instructions

Inspections and‘Tests o

Automatic Train Stép, Train Control and Cab
Signal Systems o

Standards

Rules and Instructions; Roadway

Rules and Instructions;, K Locomotives

Inspection and Tests; Roadway

Inspection and Tests} Locomotives .

Dragging Equipment, Slide Detectors and Other
Similar Protective Devices :

Definitions

5.1.3 Associated Federal Regulations

In accordance with-49 CFR Part 233; Signal System Reporting

methods of train

Requirements, each railroad must provide annual reports of the

operations, interlocking and control points,

automatic train stop, train control, and cab signal systems.

Annual reports are due no later than 15 January of each year.
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Part 234 requires each railroad to report within five days
any occurrence of a "false proceed" signal failure. If a false"
proceed signal failure does not occur within a monthly period,
then a report indicating.that no failures' occurred must be filed
within ten days after the eng of the month. In the event of an:
accident from failure of any signal device, a telegram must: be
. sent immediately to the FRA Safety Office -in Washington, D.C.

Part 235 requires each railroad to apply for approval of a
discontinuance or material modification to installations of block
signal system, interlocking traffic control system, automatic

train stop, train control, or cab‘signal systems.,

Part 220 promﬁlgates the requirements for the use of radio
in train operations. It prescribes the procedures for wayside-
to-train, train-to-train and  cab-to-caboose radio communications.
Specific procedures are provided for transmission of train
orders by radio communications to assure full understanding of

the orders.

5.2 AAR Standard Code of Operating Rules
The Standardmaaae'was,adopted in 1889 by the AAR and has been
revised through the years. The 1965 issue of the Code p{ovided

the modern standard for the operation of trains and signal systems
under all forms of control, whéther manual or automatic. The
Standard Code was reissued in 1974 to revise specific rules and
standards. The Standard Code was revised again in 1977 to cover
radio operating procedures. ’

.The AAR Standard Code is an effective document. It provides
a complete base for safe train operations and conforms tolthe

requirements of Federal Regulations.

The AAR Standard Code establishes eighteen signai’aspegts,
titles and indications which should be sufficient for train

operation under all conditions. Member railroads have agreed



to--and basically use--the AAR Standard Code. However, many
operating rules and signal aspects were established by the indi-
vidual railroads prior to the adoption of the AAR Standard Code.
Many failroéds have retained their established procedures rather
than incur the heavy eipense of revising them and retraining
their operating personnel. .This prerogative is‘provided for by .
the AAR Standafd Code. Figure 5-1 summarizes the standard »
aspects, titles and indications included in the AAR Standard
Code.

5.3 Rules of Individual Railroads ‘

Each railroad has developed its own operating rules which
meet current Federal standards and basically conform to the AAR’
Standard Code. The AAR Standard Code includes provisions to.
\allow the standards to be revised to respond to the oﬁerational
needs of member railroads? Many'railroadsvchose to rétain ‘
standards, rules or other operational regulations that were in.
use before adoption of the Standard Code. The rules governing
signal aspects, titles and ‘indications are a good example of
the lack of- coordination bétween fhe operating codes of indivi-
dual railroads and the Standard Code. 'Appendicés C, D and E
summarize the rules of individual railroads Which define signal”
aspects, titles and indications. These appendices were developed
from a review of fifteen operating rule books representing -
.eighteen railroads. A compariéon of the AAR rules énd the rules
used by thesé railroads shows that a iarge number of dspects, .
titles and indications in use. Many of them have resulted from
‘changes found necessary by a épecific situation of a property
‘where physical Ehanges to the signal system wére not economical
or practical. ' ‘
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RULE ASPECT NAME INDICATION APPLICATION
281 Clear Proceed At entrance of normal speed route or
block, to govern train movements at
. . normal speed.
i A s < L [ 3
81\ Advance Proceed approaching second signal
. Approach at medium speed _
Medium
s
g -
L)
2818 Approach Proceed approaching next signsl at
Limited limited speed
21C Limited- Proceed; limited speed within inter- ,
Clear locking limits
282 . . Approach Proceed approaching next signal at At entrance of normal speed route or
Medium medium specd block, to govera the approach to
i oL Medium-Clear, Approach, Mcdium-Ap.
- o’ ’ g proach. or Approach Medium signals
A 8
282A Advance Proceed preparing to stop at sec-
. . . F Approach ond siygnal
A Y [ 4
piec I N Medium- Proceed: medium speed within in- At entrance of medium speed route or
- Clear terlocking limits block, 16 govern trai movements at not
. exceeding mediun ~peed.
283A Medium- Proceed preparing to stop at second
Advance signal; medium speed within inter-
Approach locking limits
N
y
2838 Medium- Proceed at medium speed approach-
Approach ing next signal at slow speed
. Slow

Figure 5-1.

AAR STANDARD CODE SIGNAL ASPECTS,

TITLES AND INDICATIONS (SHEET 1 OF 2)
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\
RULE ASPECT NAME INDICATION APPLICATION
2”4 Approach Proceed approaching next signal at At entrance of normal speed route or
low slow speed. Train exceeding medium hlock, to govern the approach to Slow-
speed must at once reduce to that Clear, nr Slow-Approach aignals.
v
Iy speed
2KS \ Approach Procecd preparing to stop at next At entrance oi narmal speed route or-
signal.  Train  exceeding medium blnck, to govern the approach to Slow-
speed must at once reduce to that Clear, Slo pproacis. Permissive, Re-
speed - stricting. Stop and Proceed, or Stop
sgnals, red switch Lanp and end of
signaled terntary
A [ ] < N ~
280 7 Medium.- P'rucced at inedium speed preparing At entrance of miedium speed route or
Approach to stop at nex¢ signal block, to govera the approach to Slow -
' ' Clear, Slow-\pproach, Permissive, Ke-
' stricting, Stop and Pruceed, or Stap
signals and end of wgnaled territory.
i
287 Slow- Procced, slow speed within inter- At entrance of slow speed route or
Clear locking limits block., to gy ern train movements at slow
speed :
A . L] < . . - (
R Slow- I’ruceed preparing to stop at next At entrance of slow speed route or
Approach ~ignal; slow speed within interlocking block, to govern the approach to Permnis.
hmits sive, Restrictine. Stop and Proceed, or
Stop upnals
A L)
. | ]
2%9 Permissive Rlock occupied, proceed prepared + Atentrance of a manual block to gov-
to stop ~hort of train aheid ern trains enterine and using that block.
Devignate 1y
t Latwer plate, wr
2 Marker hght, or
3 Shape of arm. o
. 4 nuten 01 these  dastrgisting
featues
v T
) Revricting Proceed ab vestricted speed Atentrance of normal speed. medin
speed. of slow speed route or block, to
- prerttict trins to pricceed prepared 1o stop
short of hatruction, or anything
that may-require the speed of the train
f 10 he reduced
A [ ] < 1 ] ’
9 ' Stop and " Stop, then proceed at restricted speed At cutrance of a route or an automatic
! Procecd | Devignate 1y block requising trains to stop and after
2 ’:'““‘l""'l"":m or stopping. pernutting them on iwa or
i ",‘::“::' I"'I‘a;;".'" more trachs to procced at restricted
1 Cumunation of these distinguishing fea speed and on single track in accordance
ures with the rules.
Nole Railroads desinng 1o aviid stapping
. A B trains may arrangy accordingly
Stop Stop At entrance of a route or block requir-

EFF F.r’

ing trains to stop uniil authorized to
proceed by train order, clearance card,
more favorable indication than Stop, or
in accardance with the rules.

Figure 5-1.

AAR STANDARD CODE SIGNAL ASPECTS,

'TITLES AND .INDICATIONS (SHEET 2 OF 2)
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SECTION 6.0
STANDARD RULES AND REGULATIONS FOR SIGNAI SYSTEMS

As was stated earller the purpose of the study is to analyze
’ rallroad s1gnallng systems with the objectlve of recommending an
overlay signal system for high speed passenger train operation
which will not interfere'with the existing signal systems now
used for freight, commuter or c¢onventional passenger train‘opera—
tions. The speeds involved for high speed passenger trsin opera-
tions will require the employmeht of a cab signaling system and,
possibly, an associated train control system. In the fellpwing'
analyses and recommendations, the required elements of such a.
s1gna11ng system will be described as well as the manner in which
the system must 1nterface with existing cab and wayside signal
systems. Attentlon has been given to the effects of such a system
on operational standards and Federal regulatiens.

.
9]

6.1 Signal Rules, Regulations and Indications Analyses

. The primary consideratien of any signal/control system,
should belsafety. ﬁoweyer,.the evaluation of a signal system
must also include the funétionS‘it‘will perform and services it
.will render. The application of the'signal/control system will
therefore determlne the aspects needed for its proper. operatlon.
Each aspect must convey a particular indication to the engineer
‘or operator, and the indication should be uniform and s1mple,
yet provide for safety. Of primary consideration in establish-
ment of a signal system is the braking distances of the trains
involved. . However, othervfacters affect the signal/control sys-
tems sqch as motive power, civil limitations, speeds of operation

and traffic density.

6.1.1 Rules
A prerequisite for the development eﬁd‘installation of an

overlay signal system is an understanding of the existing signal

!
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system and the interface with it. There are many configurations

of existing signal systems to consider.

The lack of.standardization among domestic railroads is.
evident in a comparison of the way in which several railroadg
have used the eighteen rules defined in the AAR Standard Code
(reference appendices C, D and E). Rules 281 thru 292 are used
in the AAR Standard Code to define the aspects, titles and indi-
vcatiqns. For the same purpose Union Pacific and Milwaukee
number their rules 222, 240 (with alphabetical suffixes) and
501; Southern and Burlington Northern number their rules 301
thru 318; Seaboard Coast Line uses rule numbers 501 thru 518.
Many of these are synonymous with the AAR Standard Code and
differ only in the rule numbers. In some cases there are different

titles or indications while in others different aspects.

6.1.2 Aspects, Titles and Indications

There is greater uniformity in signal titles used by domestic
railroads. A comparison of titles in appendices C, D and E shows
a 'modicum of standardization. Speed limits are specified by
RESTRI‘CTED; SLOW, MEDIUM, LIMITED AND CLEAR, | '

Prefixes and suffixes are used to modify the major speed‘
classifications of the signal titles to convey additional indi-
* cations to the lbcomotive ehgineer. |

APPROACH and ADVANCE prefixes to a signal title are used
when signal spacing and the tonnage of trains required more than'
one block length to stop; This signal indication provides the
necessary warning to allow a reduction to the indicated speed.
When used as suffixes in the title they provide the same advance

.warning of home restricting or stop signals.

APPROACH is used as a prefix to a speed indicator to denote
that a reduction to the indicated speed is required by the next
' signal. For example; APPROACH MEDIUM indicates, "Proceed,



/

approaching the next signal at Medium Speed." The addition of a
second suffix such as ADVANCE, provides a new indication referring
to the second signal in advance of a train. For example; ADVANCE
APPROACH MEDIUM indicates, "Proceed, approaching second signal

at medium speed."

Avspeed‘iﬁdicator titlé with a modifier suffix indicates a.
‘reduction in speed is required with a preparatioh to stop. For
example, MEDIUM.APPROACH(indicates, "Proceed at medium speed,
preparing to stop at the next signal." The addition of a second
prefix, ADVANCE, indicates instructions for the second signal in
advance of a train. For example, MEDIUM AﬁVANCE APPROACH indicates,

"Proceed at medium speed, preparing to stop at second signal."

These rules for titles and indications are we%llestablished,
and the wordage and intent are familiar.ﬁo all domestic users.
Therefore, the same terminology should be included in a standard
system of titles’to portray the intended meanings with'qlarity
and conciseness. An ahalysis has been made of established speed
limits among domestic railroads, and there appears to be only
two examples where railroads differ in their definitions of MEDIUM
and LIMITED speed fangés.‘ MEDIUM is most often defined as 48 km/h
(30 MPH) and LIMITED as 72 km/h (45\MPH), SLOW and LOW speeds are
staﬁdard’at 24 km/h (15 MPH) and 32 km/h (20 MPH) and seem to be
close duplicates. LOW épee& may well be eliminated and replaced
-with RESTRICTED speed at a étandardized 24 km/h (15 MPH), while
SLOW speed would indiééte'jzvkm/h (20 MPH).

6.1.3 Adequacy of Government Regulations,

The FRA conducted a public hearing on Railroad Safety in
February of 1979. The principal topics of discussion were the
Rules, Standards éndAInstructions‘(RS&I) and how' they should be
‘expanded or revised to increase safety and encémpass all phases
of Signaling and Train Control (S&TC) systems. Appendix J pro-
vides an agenda of the meetipg and a summary of -the proceedings.
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The response of most participants included a concurrence
that safety should be the ultimate goal of all S&TC systems. )
Operating railroads, in general, would like to operate without
.Federai regulations, but are realistic enough to recogniée and

understand the need of some regulations.

During the hearing, the RS&I topics mosttfrequently discussed

were:

. Rules which do not allow removal of a signal.system
when they are no longer beneficial to operations or
economics. Most railroad representatives would like

to make the removal determination themselves.

. Rules establishing spacing of signal blocks. Most rail-
roads would prefer to space_signals'to'suit the terrain
and traffic conditions. ‘
Requirementlfor electric locks on switches in Traffic
Control systems. Railroads in geheral'contend this
discourages competition With the trucking industry
because of the cost of electrlc locks when addlng spur
llnes to potentlal customers.

Additional topics referred to by participants included:

. The slow response of.the FRA to requests by railroads

to modify or delete signals or devices.
. Human error in repairing signals.
. Vandalism of signal equipment.

. Inadequate training of signal personnel.
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. Lack of performance oriented requirements in the Federal
regulations, although some felt a combination of perfor-

mance and design reqqérements would be best.

. Signalmen>felt the requirement to repair faulty equipment
without "undue" delay should be more strihgent‘and the
term "undue" defined in terms of hours, minutes, efc;
Railroad representation felt "undue" delay should mean
before the next train opergtioh. '

’

/
The National Transportation Safety Board (NTSB) and Railway
Labor Executive Association (RLEA) expressed concern about the
FRA's failure to inspect and to.enforce the requirements of the

current regulations.

The Railway Progress Institute, which represents the rail-
road sﬁppliers, stressed the need f@r'a slow evaluation of signal
system ,technology, citing the currently used fail-safe system as
proven and reliable.

- ‘ < v

The NTSB recommended the use of more signal systems, espe-
cially cab signaling, for improved safety and reduction of
. accidents. The NTSB noted that the purpose of signal systems
is safety of operation ana that improved traffic density and
more efficient operations. are secondary benefits. They recom-
mended elimination of the "stop and procéed" signal indication.
The NTSB was in favor of simplified performance standards used
in conjunction with design spécifications_for signal, systems
in general. They also streséed improved enforcément of regula-

tions.
The Association of American Railroads (AAR) proposed that

regulations for radio communications be changed to allow the

railroads. some fléxibility in adapting radio to more efficient
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operation of trains. AAR submitted a proposed revision'to the
RS&I which was reviewed and is available in the reference library

as Document reference 403, Appendix A.

6.1.4 RS&I and Signal System Compatibility ,
An overlay signaling system for high' speed passenger train

operation will require some form of cab signaling. The manner

in which any such overlay system inférfaces»with the existing

cab signals and wayside signals could conflict with current RS&I.
rules. Since the recommendation for a specific overlay signal/
control system is not part of Task 3, some potential interface
problems will be noted and recommendations made for changes which
will be necessary for an overlay signal system. The following

areas are in apparent conflict.

Speed Limits

The speed restrictions referred to in RS&I paragraph 236.501
as low-speed and medium-speed will require specific km/h (MPH)
values to be assigned to be compatible with an overlay'signal/
control system. Freight and commuter trains will be assigned a
standard speed while high speed passenger trains will opérate
under different assigned speeds unless negated by the failure of

the overlay signal/control system. ' -

Automatic Brake Application

The manner in which automatic brake application may be ini- -
tiated for high speed passenger trains may not be directly inter-
connected ' to wayéide.signals as required in RS&I paragraph 236.504.
For high speed trains, where the braking action may be initiated
some distance ahead of the point where bréking by a slower train
would occur, the braking may not be initiated by main track sig-
nals as required by paragraph 504 of the RS&I but in progressive
steps before reaching the wayside signal. Such braking would
probably be initiated by the overlay cab signaling system.

\

-102-



Interconnection of Cab Signals and Wayside Signals

An overlay signal/control system for the purpose of control-
ling trains at speeds above 160 km/h (100 MPH) will not be compat-
ible with wayside signals whose signals operate under separate and
lower speed limits. Therefore, the requirements of RS&I paragraph
236.514 will be in conflict with the overlay signal/control system

authorizing operation at speeds higher than wayside signals.

Radio Communications

It is anticipated that signal/control data may be reQuired
in radio communications. Regulations in CFR part 220 are only

for normal voice communications and transmittal of train orders.

Signal Aspects, Titles and Indications

There is no apparent conflict between any of the candidate
overlay signal/control systems and RS&I requirements for signal
aspects and indications. However, standards should be set by the
RS&I so that passenger trains such as AMTRAK would be responding
to the same aspects‘and indications regardless of which railroad
the train may be operating over or the type of signal system used

in the local territory.

6.2 Recommended Revisions to the Ruies, Standards and Instruc-
tions (RS&I)

The AAR has looked at the RS&I from a total viewpoint including

appliances, equipment and regulations related to the problems of
operating a revenue railroad. Since the AAR is an organization
whose membership is composed of private railroads and suppliers,

it represents the industry viewpoint. The AAR presented a proposal
for revisions to the RS&I at the Inquiry of Signal and Train Control
Safety by the FRA. Under the AAR proposal, revision of the RS&I was
recommended to reflect appliances or equipments to include state-
of-the-art or anticipated signal system technologies, The AAR

proposed revisions to the RS&I have not been directly included in
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in this task because the depth of change includes many areas not
addressed herein. However, the complete text of AAR's proposed
revision of the RS&I is retained in the study library as Document
reference 403, Appendix A. .

The suggested areas of revision to the RS&I which follow are
a result of analysis projecting the use of\an overlay signal/
control system for high speed passenger train service on normal
train routes; TheAanalysis was made of an accumulatioh of data
"inputs from a number'ofséburces.- Candidate oveflaylsystems were
identified and recommended for further study in Task 2. 'Although
avspécific overlay signal/control system has not been designated,
candidate systems that reflect the latest available technologies
are discussed and evaluated therein. A level or category of
‘system implementation was outlinea providing system configuration
requirements. A combination of existing system technolbgies will
most likely be the overlay signal/control system configuration
that_will be recommended in Task 6 of this program.

The following paragraphs of the RS&I (49 CFR 236) are recom- -
mended for revision based upon the anticipated overlay signal/

control system. ’ ' ;

Part 236.23 - Aspects and Indications. The safety of inter-

city passenger train service would be enhanced by the standardiza-
tion of signal ‘aspects, titlés\and indications for the signal
~types in use. RS&I paragraph 236.23 provides the conditions and
requirements for-aspécts and indications but does not prescribe

or define specific aspects, titles or indications. To be enforci-
ble, this paragraph should be reviéed to include a standard.

Appendices C, D and E illustrate the wide variety of signal
‘aspects, titles and indications thét have developed under current
regulations. The enforcement of the 18 rules in the AAR Standard
Code could be the first step in the progressive establishment Qf
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standard signal aspects, titles and indications recommended in
this report. A progressive or evolutionary approach to stan-
dardization would moderate the economic impact associated with.

such an undertaking.

-Part 236.24 - Spacing of Roadway Signals. This paragraph

should be reviéed to allow trains to utilize an overlay cab sig-
nal control system to govern speed control and/or brake applica-
tion by the cab signal:system independent of the roadway signal.
The braking control commands initiated by the cab signal control
system may or may not coincide with the roadway signals. Analysis-
of braking curves, presented in paragraph 6.3 herein, indicates .
there is a definite relationship of speed and braking distances
between high speed passenger and freight trains. The block lengths
in a signal/cohtrol systém'must be -based on a standard length or
spaced for the worst case braking distance. A signal spacing
study anquéis performed. under the Northeast Corridor Improvement
Project (NECIP), document reference 276, Appendix A, provides a
comparative analysis between metroliner, normal passenger and

freight train speed/braking curves.

1

Part 236.51 - Track Circuit Requirements. This paragraph . -

should be revised to expand the term "track relay" to include
other~pfoven devices that may control home signals. This simple
change does not affect the intent of the rule yet.would allow

the use of equipments employing track circuit“éontrol‘techniques 
other than relays. Computer controlled redundancy and/or .pro-
graﬁmed voting regimes are used in systems that have been identi- -
fied as candidate overlay systems which achieve the same levels

of highly secure operafion without relays. The German continuous . -
automatic train control (CATC) system uses a continuous inductive
loop type instead of track circuits. The inductive~conduc£or is

laid between the rails‘indepehdently of the existing track circuits.
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Part 236.566 - Locomotive Operating in Cab Signal Territory;

Equipped. This paragraph requires that all locomotives operating
in cab signal, train control or automatic train stop territory
shall be equipped with devices which are responsive to track or
wayside activating devices. The operating principle for an ovef—
lay signal system for high speed passenger trains will directly
conflict with this regulation. Operationally, freight and commuter
passenger locomotives will operate with the currently installed’ "
signal system which may be wayside or cab signaling. High speed
passenger locomotives will operate with an overlay to the existing
signal system. In accordance with the subject paragraph, the
freight and slower passenger locomotives must aléo be equipped
‘with devices for the overlay signal/control system, which would
negate the intent of the overlay system both operationally and
\ economically. One important characteristic in the operation of
an overlay signal/control system for higH speed passenger trains
is that it does not affect normal operations of the existing
signal/control system or equipment. Therefore, this paragraph
should be revised to state that moderate speed train traffic (not
exceeding 130 km/h (80 MPH) must be capable of operating with ‘the
existing sighal/controls and the applicable regulations, while  the
high speed passenger trains shall be capable of operating with
both the existing signal/control system and the overlay signal/ .
control syétem.\ The Task 2 final report establishes the require-
ment that existing signai/control systems must at least be ac
coded automatic block. Candidate systems for an overlay system
may utilize additional track circuits such as the overléy.tfack
circuits proposed for the NECIP; non-track circuit systems such
as the German CATC inductive system or the British Columbian LIC
interrogative system.

Part 236.568 - Different Speed Authorization Roadway/Cab

Signal. This paragraph deals with the difference between speeds

authorized by roadway signals and cab signals. Conditions of
" this paragraph should be changed to allow different speeds to be

-
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authorized between wayside and overlay cab signal control systems.
The type of overlay signal system installed will determine the

interface requirements and define the speed differentials.

Addition to the RS&I - ICC Order 28543, which is partially
included now, should be totally incorporated within the RS&I to

eliminate the need of interpretation between the two documents.
The ICC orders are currently enforced in consonance with the

RS&I and combining these regulations would be appropriate. The
speed limits established by the ICC orders for operation of

trains under certain required signal systems do not seem to pose
an operational problem for most domestic railroads and are accept-
able limits as established for current freight and commuter

trains.

Part 220 - Radio Standards and Procedures. This part of

Federal regulations defines the radio procedures to be used in
conjunction with railroad operations. The regulation further
establishes the criteria for transmission of train orders by
radio. These regulations do not directly affect signal control
systems. The inclusion of an overlay signal system with cab sig-
naling and train control functions, in addition to the wayside
signal systems, may require the use of radio communications for
transmission of voice, data commands and system status. It is
reasonable to expect that research will be undertaken to determine
the feasibility of utilizing this medium to transmit commands for
vital functions. 1In anticipation of this, Part 220 should be
expanded to provide for communication at frequencies above current
voice channels for use with signal control systems. Typical data

would include:

Train-to-Wayside
Train Identification
Train Position
Train Velocity
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Train & System Status
Retained Command Signal

Wayside-to-Train
Speed Command

R Enforcement‘Signals
Cab Signal Data

Voice Channel Available

6.3 Recommended Standard Wayside Slgnal Aspects, Tltles and
Indications.: , . .

This study specifically deals with the development of an’
overiay signal/control system that can be utilized with existing
 signal systems to control passenger trains operating at high speeds
on lines which the passenger tralns share with slower moving ”
trains. The Task 2 final report defines the hardware and levels
of implementation to meet 'these réequirements. At ‘a minimum the '
ekisting signal Systems must be an automatic block system‘empioying
ac coded track circuits. Since a variety of signal/control systems
are empioyed on domestic railroads and a final design of the over-
lay signal/control system is to be defined in Phase II of the Signal/
Control Development Program, any recommended standard signal aspects,
titles and indications will be directed toward'the requirements
of overlay systems. In a broad sense the aspects of the proposed
51gnal system can be compatlble with present as well as proposed
signal control systems, 1nclud1ng the NECIP signal control system.‘

It may be that ‘adoption of a standardized system of signals,
aspects, titles and indictions is not economlcally justlflable at
‘this time. However, con51deratloq should be given to the adoptlon
and implementation of a standard system for future signai control
imprOvement projects such as the one under development forlthe
NECIP. The use of an overlay system on the routes used by Amtrak
would be another method for progress1ve 1mplementatlon.
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The'current‘signal aspects, titles and inéicatiOns have
been analyzed with the proposed standard system in mind. Both
domestic and foreign railroads, human engineering standards,

. and fail-safe requirements have been evaluated. The sfandards
recommended are also within the existing AAR Standard Code.

These recommendations will address the requirements of cab
signals and their applicability to passenger service a£ speeds
in excess of 130 km/h (80 MPH). Wayéide signals have also been
considered since the proposed signal/control system must be
compatible with existing systems and will require information
exchange between locomotive and‘wayside to ensure safety. Figure
6-1 illustrates the recommended téble of standard wayside sigpal

aspects, titles and indications.

The recomménded system employs a dual color light signal
wherein each lens prqjeéts one color:' green, yvellow or'red. .
Based on long established standards, green indicates go, clear
or lack of dangéf; yellow indicatesfcaution; and réd indicates ' . .
danger., It is with this reason that the éurrent practice‘o£h ‘_”
green over red or green over red/red as a CLEAR indiqafion_will
not be followed. Any aspect that indicates CLEAR or a condition_
"of CLEAR will utilize green or gréen and yellow in‘combinatiann”
only. Each principal aspect will denote a specific speedtlimit;
Secondary aspects, that is, those with ADVANCE or APPROACH:modi-
fiers in their title, will still indicate a definite speed limitL"
but will convey advance instructions as well. ' -

C | v ‘

The proposed wayside signal aspects were selected on the
basis of a logical progression using accepted human engiheering_.‘
principles. The basic aspects are: green/green fﬁe least_re% '
strictive (CLEAR); yellow/yellow caution or moderate (MEDIUM)" _
speed; and red/red absolute STOP. Green/yellow indicates LIM1TED‘~
and yeilow/green the upper limit of caution (MEDIUM) with‘ye119&/j;
red the lower limit of caution. Red/yellow or red/req-indicatési- 
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-COLOR |COLOR
- LIGHT {POSITION
TITLE INDICATION ASPECT |ASPECT
CLEAR Proceed at 150 mi)h on cab-signaling for
passenger service only.
CLEAR Proceed at 120 mph on cab signaling for

passenger service only.

CLEAR

QO

Proceed at maximum allowable speed. Trains
exceeding 80 mphmust include cab signaling.
LIMITED Proceed at limited speed.
APPROACH Proceed approaching next signal at medium
MEDIUM speed. Train exceeding limited speed must -
at once reduce to that speed.
MEDIUM Proceed at medium.speed. |® @
MEDIUM Approach at medium speed preparlng to stop -(i)
APPROACH at next 51gnal ; ® :
SLOW Proceed at slow speed.' [® %
RESi‘RICTING Proceed at restricted speed. \,
®-|® ‘
STOP AND Stop and proceed at restricted speed. Proceed ®
PROCEED prepared to stop short of train or obstacle. _(:) '
STOP Stop. / @ | @
FIGURE 6-1
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lowering levels of restricting speed or stop. The use of red/
green as STOP AND PROCEED is self-indicating and easily distin-
guishable from absolute STOP red/red or RESTRICTED speed red/red
flashing. Operating rules must include instructions that the loss
of a lamp, damage or other failure will_be‘igterpreted as a more
restrictive indication. - It is"proposed“théf the signals utilize
two lights each containing two filaments with an automatic
changeover when the active filament burns out. This arrangement
provides redundancy and minimizes the occurrence of dark signals

which may be overlooked or missed during night operations.

With a double light system, the displaying of a single light
will indicate a signal systeﬁ failure and a stop or slow speed/
indication would be established as a requirement in the operating
rules. The rules must require a dark 'signal to be interpreted
as red when the uppef or lower color is discernable; the least
restrictive signal would be SLOW. An‘interpretation of green
over red is an .exception, since this is‘nét a valid aspect in
the proposed system. Standard operating instructions undér these
conditions should include instructions to STOP until cleared by
he dispatcher, or STOP AND PROCEED until the next valid sigﬂal-is
encountered. Figure 6-2 shows a matrix of aspects wherein lamp
failure has occurred, and the operational aspects are designated

for each lamp failure.

The use of a round speed limit marker, preferably illumi-
nated, will indicate special or intermediate speeds for inter- . )
locking,;diverging route or civil restrictions. Diamond shaped
markers with the letters S, P, or G will be used for "take
siding," "permissive" (with STOP AND PROCEED aspects) or "grade"
(tonnage proceed), respectively, as required to define specific
train operating limitations. Figure 6-3 illustrates these

auxiliary markers.
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CLEAR LIMITED MEDIUM SLOW RESTRICTED
OR STOP

NORMAL G Y Y. R R R
ASPECT G - G Y R Y R R
: —: S - !
FAILURE OF i R R ] R R R R | R R R ;
UPPER LAMP "G Y G Y R Y G R
(ASSUMED RED) -

| FAILURE OF G* G* R R R
: e — .o - 1
LOWER LAMP : R R. R :
(ASSUMED RED) e = - - - .
: /

*GREEN OVER RED IS NOT A VALID
ASPECT. SUCH CONDITION WOULD
BE ASSUMED TO BE YELLOW OVER
RED OR RED OVER RED BY THE

- OPERATING STANDARD OR INSTRUCT-
TION. :

FIGURE 6-2 ASPECTS VS. LAMP FAILURE
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-- MAIN SIGNAL 7 MAIN SIGNAL

-- SPEED <’P "~ PERMISSIVE, GRADE
LIMIT OR SIDING
(CIVIL) INDICATION

FIGURE 6-3 RECOMMENDED STANDARD AUXILIARY MARKERS
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Appendices G, H, and I show the aspects, titles and indica-
tions for the British, German and Russian railroads respectively.
All three illustrate the established human engineering princible
using green, CLEAR; yellow, CAUTION and red, STOP. Yellow is
used to designate degrees of caution in conjunction with green‘

and red, but red and green are not used together for home signals.

There is a distinction between block (and approach) signals
and interiocking signals on domestic railroads. Staggered sig-
nals, that is signals mounted on altérnaﬁe sides of the signal
mast, generélly indicate block signals and vertically stacked
sighals~designate interiocking signals. This practice appears
to be directly contrary to human engineefing principles. The
British have a very graphic system for‘indicating divergent
routes (appendix G). The home or junction signal is used to
establish 'speed and control indications. Routing is provided
by red or green illgminated'rdundels which indicate the clear
route and direction of diverging tracks. Figure'6—4 is a recom-
mended standard diverging signal system similar' to the one used
by the British railroads. It is not anticipated that diverging
signals would be regquired through compléx station or yard inter-
lockings where speed through the interlocking limits has been
established. The home/diverging signal would be utilized for
home signals governing movements on or off main tracks only.

* The use of dwarf signals throughout the sidings and interlockings
would remain in effect. Dwarf signals would use duplicate aspects

of high mast signals.

Figufe 6-5 extends the recommended standard signal system
into 11 and 15-aspect systems. The latter two are proposed as
alternative, interim standards. As will be described below,
the lS—aspecﬁhsystem appfoximatéé'é composite of existing signal
systems. Its adoption would therefore require the least initial
investment. It is, however, the least desirable from the stand-

points of maintenance and locomotive engineer comprehension.
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3 ASPECT

MEDIUM

9 ASPECT 11 ASPECT 15 ASPECT
TITLE INDICATION 2BLOCK ° " 3BLOCK 4 BLOCK 4OR5BLOCK
CLEAR i PROCEED AT MAXIMUM ALLOWABLE SPEED ® © @
(NOTE: ALL TRAINS EXCEEDING 80 MPH OR ABOVE MUST HAVE CAB SIGNALING) . © '
APPROACH LIMITED] PROCEED, APPROACHING NEXT SIGNAL AT LIMITED SPEED. N/A | N/A s/a | ona | A 7O | @
LIMITED PROCEED AT LIMITED SPEED. N/A | ON/A (@ @ (‘@ @
©)
LIMITED APPROACH] APPROACH AT LIMITED SPEED, PREPARING TO STOP AT THE NEXT.SIGNAL. N/A | LN/A N/A | N/ to ®
na S : X &
g;’l"‘uﬁ’? APPROACHY pRoCEED, APPROACHING SECOND SIGNAL AT MEDIUM ‘SPEED. NA | N/A NA | N/a N/A N/A @
+ | PROCEED, -APPROACHING NEXT SIGNAL AT MEDIUM SPEED. TRAIN EXCEEDING :
APPROACH MEDIUM | | 1MITED SPEED MUST AT ONCE REDUCE TO THAT SPEED. N/A /A @

PROCEED AT MEDIUM SPEED.

T

&R
Be|R0

PROCEED AT MEDIUM‘SPEED, PREPARING TO STOP AT SECOND SIGNAL.

e9es|

ol B2

\9,
MEDIUM ADVANCE 4 Y
APPROACH - N/A N/A N/A N/A N/A t:‘!"
MEDIUM APPROACH | PROCEED AT MEDIUM SPEED, .PREPARING TO STOP- AT NEXT SIGNAL. na | N/ @ O@ @ '
v D
PROCEED, APPROACHING NEXT SIGNAL AT SLOW SPEED. TRAIN EXCEEDING e ' @)-
APPROACH SLOW | \enrym SPEED MUST AT ONCE REDUCE TO THAT SPEED. N/A LT NTA NA | N/A tcg)‘ @
SLOW PROCEED AT SLOW SPEED- NA | NA @ @ @ @
SLOW APPROACH PROCEED AT SLOW SPEED, PREPARING TO STOP AT NEXT SIGNAL. N/A N/A N/A N/A "J/A . N/A @
' " - ® | Al
RESTRICTING PROCEED AT RESTRICTED SPEED.. N/A N/A @‘%
. : ® | ¥
STOP AND PROCEEDy STOP AND PROCEED AT RFSTRICTED SPEED. PROCEED PREPARING TO STOP N/A N/A [® “N/A = %
(PERMISSIVE) SHORT OF TRAIN, OBSTACLE OR BROKEN RAIL. N/ : ® A ge
y = =
. &
STOP sTOP. @ g @ e SR E ié]

50

e e e )

FIGURE 6-5 RECOMMENDED STANDARD WAYSIDF EXPANDED ASPECTS, TITLES AND TNDICATIONS



The figure demonstrates that Ehe 15-aspect syétem serves as a
foundation for evolutionary development toward systems w1th
fewer aspects and simpler hardware.

'The ll-aspect standafd.is a 1ogical step toward simplicity,
but:requires more hardware alteratidns; Adoption of this or the
ultimate 9-aspect standard could be carried out on a segment-by-
segment basis as worn-out or obsolete hardware is'replaced.“The‘
three aspect, two-block system is suggested for light density
lines that will never see high speed passenger train operations.

The number of Signallaspects adopted by the survey railroads

varies considerably:

RAILROAD | | NUMBER OF ASPECTS
ATSF | ' | o1
B&O 17
BN B .15
CN' , o 17
Cs0 | 15
CR; AMTRAK ' ' 23
D&H 12
D&RGW . 9
1C6 | 13 ' .
L&N ' : 8 |
MILW o 15
N&W , 12
RE&P \ _ ’ 8
RI; MOPAC : 11
SCL o ‘ - 17
sou , 18
‘ SP S | 15

up , ‘ 11
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The fifteen-aspect proposal was developed by noting all
possible alternatives found in the survey and by combining
identical or similar indications. The 18 rules and aspects
provided by the AAR Standard Code are obviously the bases for
most railroads' aspects, titles and indications. This factor

was also relevant in formulating the system of standard aspects.

‘The titles have not been changed, but rather reflect familiar
terms having meanings common to current usage. However, the
signal title, CLEAR, following a specific speed, has been elimi-
nated; for example MEDIUM-CLEAR now reads MEDIUM. Also eliminated
were titles such as LOW and PERMISSIVE which appear to be closely
synonymous with SLOW and STOP AND PROCEED, respectively. A
signal title, in which APPROACH precedes a speed indicator word
such as CLEAR, LIMITED or MEDIUM, will correspond to an indication'
requiring the engineer to reduce to the inaicated speed by the
next signal. The word, APPRbACH,'in a signal title after a
speed indicator will require an immediate reduction to the indi-
cated speed, and preparation to stop at the next signal. .In a
signal title either a prefix or a suffix modified by the word
ADVANCE corresponds to an indication requiring the action to be
completed at the second signal. ADVANCE'éignal indications are
not included in the proposed standard system. > This is based on
the assumption that advance instructions will not be required
with a properly designed signal aspect system with block lengths
based on speed/braking curves. However, it is recognized that
there are block systems in use today that require advance signal
information especially for heavy tonnage freight trains in a
passenger/commuter intermix or where civil limits, such as on

grades and curves, require adding braking distances.
Figure 6-6 provides an illustration of speed correlations

between freight and passenger trains for two, three and four-

block signal systems. The speed braking curve shown in Inset 2,
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MATRIX

2 BLOCK SYSTEM 3 BLOCK SYSTEM 4 BLOCK SYSTEM
SIGNAL (
(a) FREIGHT PASSENGER FREIGHT PASSENGER FREIGHT PASSENGER
SPEED| ASPECT| SPEED {ASPECT| SPEED | ASPECT| SPEED |ASPECT | SPEED |ASPECT | SPEED | ASPECT
A 0 ® 0 f"%& 0 ® 0 f‘&%& 0 ®) 0 o
\®) - ® D @ ~
® ; ® stel 0 1O ] . loe
B 30 45 , 30 45 Y| 30 45 :
‘ ® v ® 7 - ® A
q s ¢ . s o
c 79 ©) |50 | a5 © 60 m 45 (&) 60 um
© - ® ® X
m LK) L)
D lg 79 | [©) | 150 m 45 @ 60 m
prd o
©) |
E © # © 79 O [ 150 |
v @ | v © @ -
- : + 1%_GRADE:
MINIMUM BLOCK LENGTH TIGH SPEED RS
PASSENGER 10 pIRALY =
GRADE 7 FREIGHT = 1’ . 1% GRADE
120 == = 10 GRADE —r=
2 3 4 =5+ 1% GRADE————]
. | 4350,| 2900, 2175, e e =
+ 1% 3800 2533 ’ 1900, | INSET 1 INSET 2 seeen g0 =
0 jOOO, , 3333, , 2500 , i 60 == CRADE 3
6000 174000
3000 =
15 | 2000, 4000 | 3000 . ol === =
© "% [14.500| 9666 | 7250 o L3 CRAES
FIGURE 6-6 3

SPEED BRAKING CURVE WITH BLOCK SYSTEM ¢
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is summarized from Signal Spacing Analysis, Document reference
276, Appendix A, and provides the comparative bréking distance
requiremenfs for a level grade, 1% ascending grade and 1%
descending grade. This braking curve was used to develop the
minimum block length shown in Inset l; from which correlating
speed limits were established for freight and passenger trains
as shown in the matrix. The minimum block length distances
shown in Insef 1l- are based on a maximum speed of 240 km/h‘(150
MPH) for passengér trains and 130 km/h (80 MPH) for freight
trains. The matrix prbvides the signal aspects and associated
speed limits for a trailing train overtaking the preceding train
for varying block systems. The matrix iﬁdicates aspects of the
recommended nine-aspect signal system and considers fhat the
excluded aspectsbare'used to provide‘operational‘ihtegrity in
special requirementé. An example is that all signals for the
occupied block are shown as red/reddor absolute STOP. However,
operating conditionsAmay require that the aspect be ;ed/green
for STOP AND PROCEED allowing a train to enter the occupied
block at a restricted speed with visual alértness for the train
" ahead. The analysis of freight' and passenger train speeds and
braking*curves verified that different speeds can be maintained
safely by each train in blocks established for the worst case

stopping distance.

Figure 6-7 is a correlation of the proposed waysfde signals,
cab sighals and the corresponding speeds and indications for each .
aspect. S The code rates for the existing wayside/cab signal sys-
tem (100 ﬁé carrier) and the proposed overlay cab signal system
(26- Hz carrier) are also correlated with the signal aspects. It
is assumed that freight train traffic willr0perate over existing
signal control systems while passenger trains will operate by
utilizing the existing signal systems in conjunction with the

added overlay signal control system. The passenger system will
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COLOR |COLOR CAB SIGNAL STANDARD CODE RATES
LIGHT [POSITIO ASPECTS SPEEDS
WAYSIDE CAB FREIGHT |PASSENG.
TITLE INDICATION ASPECT |ASPECT REPEATER| DISPLAY | FREIGHT |PASSENG.| 100H7 260H7
CLEAR Proceed at 150 mph on cab signaling only. & : .
; P gnating only @ @ % S N/A | 150 180 | 180
Q- )
. o,
CLEAR Proceed at 120 mph on cab signaling only. ) | ©) 1258
, 527 TRl N/A 120 180 120
O F -
CLEAR Proceed at maximum allowable speed. Trains ©‘ werope |
exceeding 80 mph must include cab signaling. ® @ :é 3& 79 80 180 75
LIMITED Proceed at limited speed. -
C m 120 75
® . s, x| 45 60 .
APPROACH Proceed approaching next signal at medium ' @ ®
MEDIUM speed. Train exceeding limited speed must 0
: at once reduce to that speed. : & |—® @
. . s @
MEDIUM . i . by
Proceed at m?dlum speed @ ® :é.ﬁm\b;ﬁ, 30 45 75 75
MEDIUM Approach at medium speed preparing to stop @ ®
APPROACH at next signal. ’ ® ® -
SLOW Proceed at slow speed. ® 5 .‘0“ 75
20 30 0
9 ® wRE
RESTRICTING Proceed i ' : s &
ceed at restricted speed. \® . 2T
- K ——2 . <
-®- _®_ Bl G| 15 15 0 0
. 7 AN o
STOP AND Stop, and proceed at restricted speed. Proceed| ®) ® %}fy‘;‘-‘go
PROCEED ‘prepared to stop short of train or obstacle. @ :g__ 3] o 0 - -
STOP Stop. % @ ® 0 0 - -

FIGURE 6-7 RECOMMENDED STANDARD WAYSIDE SIGNAL SYSTEM, SPEED LIMITS AND CONTROL CODES




utilize a cab signaling display and rely on wayside signals in
case of failure of the overlay system. The signal/control
system overlay interface requirements will be specified in Task
6 of the Phase I study program,

t

6.4 Recommended’Standard Cab Signal Aspects, Titles and

Indications.

The cab signal aspects described herein include only: those
associated with the overlay.system and the recommehded standard -
aspects. These titles and indications are included in Figure.

6-7. Aspects are shown in two ways. The primary system is a
quantitative display providing speed and control data in a -

. numeric format similar to that shown in Figure 6-9. The secondary
system is a repeat of the standard wayside ‘signal. - This is in
effect if a nume;ic display is.not‘opérative because of the absence
of the second ac carrier (260 Hz) or othér overlay system for
passenger service. A . cost analysis will be méde during Task 5

to establish the economic benefits aﬁailable.for each type of
system. If a Continuous Automatic Train Céntrol (CATC) system
proves economicélly feasible, the primary cab signal indicator
should be a quantitative displéy, providing‘the'train operator.;
with data in a direct reading, digital format. Figure_6—8 pro-
vides a typical CATC cab signal display currently in use in one

European CATC system.

Figure 6-9 depicts a possible cab signal display for standard
application. The display will prbvide the train bpérator with |
direct digital readout information for the target'or allowable
speed, actual speed and distance to next speed change assuming
the ‘data is available in the system. ~A'wayside signal repeater
will be incorporated into the-display to be used in case of
failure of the CATC or other overlay signal/control system. A
white light will indicate the  operation of the overléy\signal/

control system. An unlighted white indicator denotes failure
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FIGURE 6-9 RECOMMENDED CAB SIGNALING CONTROL DISPLAY
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of the overlay signal/control system, requiring operation
governed by wayside signals at reduced speeds. This is a
safety feature to accommodate failure of the overlay signal/
control system. The system allows the passenger train to
operate from the wayside (100 Hz) signalé at speeds of 130
km/h (80 MPH) and below until the oVerlay system or system

component is restored to working order.

The cab signal/control display may also include status
information for automatic train control (ATC) in the overlay
signal/control system. Indications will be provided for
automatic brake controls, including a flashing indicator when
the operator control is - automatically overridden. Automatic

brake application indications are\aiso included.

An alarm will be provided to notify the operator of a
lower speed restriction. An acknowledge switch will allow
him to make speed corrections in a preset time period before

automatic .braking control is activated.

. Bécause passenger trains will operate at different speeds
for identical signal aspects, a method will be required to iden-
tify and provide finite speed limits for civil restrictions such
as curves, turnouts, switches and track conditions. The recom-
mended standard aspects, titles and indicétibns»provided a means
of showing speed limitations with wayside aukiliary markers.

Two APPROACH aspects have been defined in the standard sys-
tem of aspects to provide advance warning for a divergence or
civil limitation requiring a severe speed reduction. This sub-
ject is discussed in articles "Signaling for HigH'Speed"‘document
reference No. 219, Appendix A and "High Speed Trafic Signaling"
document reference No. 85, Appendix A. One note'of'interesﬁ
arising from these articles is the statement that signals fof
high speed operation should be limited to four aspects, other-
wise the.operator's task becomes too complicated. It may seem
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contradictdry to accept this statement when the proposed standard

is an nine-aspect signal system. -However, it should be noted

that only three aspects. are utilized for operation above 130 km/h

(80 MPH). This is responsiﬁe to the guidelines established in

the referenced articles. Except to establish reasonable operating
speeds, signal aspects used at 130 km/h (80 MPH), and below, pro-

vide safe interface with slower freight/commuter train traffic

and are not necessarily required for higher speed train operations.

Similar consideration must be given to the overlay signal/
control system with regard to the need for activating fixed
épeed restrictions at all operating speeds. When an added
carrier frequency (260 Hz) is provided for passenger trains,
this carrier frequency may be eliminated in the track block
involving a restriction. This forces the operator to use way-
side signals (or a repeat of wayside signals in the cab) thereby
éhforcing a required civil speed limit. If a CATC or other type
of overlay system is utilized, a track profile, stored in the '
processor equipment, will be required to define and adjust
speeds to civil restrictions. These target speeds in this case
will be projected on the digital speed control indicator to

enforce action by the locomotive engineer.

Figure 6-10 illustrates the cab signal speed aspects pro-
posed for the NECIP. These are included for their comparative
value with the cab signaling system proposed herein for high

speed passenger train service.
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SECTION 7.0
CONCLUSION

Completion of this task in conjunction with tasks 1 and 2
pfovides an overview of signal/control systems, signal types and
signal aspects, titles and indications. The findings indicate
a need for classification of certain rules and the broad stan-
dardization of wayside signals. It also appears that signal/
control technology should be augmented and improved by state-
of-the-art advancements that have successfully taken place on
‘a limited scale.

r

There are existing signal systems which incorporate hardware
that was developed early in this century. The longevity of such
equipment attests to its reliability and ruggedness. However, mﬁch
equipment has remained in uéé beyond a normal life cycle because
of the vast capital investment required to replace it. Many
technological advances have been made in signal/control systems
over the years. However, the miking of o0ld and new systems and
equipment has created a variety of systems with some equipment
serving beyond its normal sérvice life. vMany signal systems
currently in use are composed of an assortment of equipment and
circuits in which the only commonality is the basic fail-safe
design concept. 'Thé extreme inconguity may be seen in semaphore
signals, which were developed a century ago} used as part of a
computer augmented train control system with state-of-the-art

components and techniques.

Railroad mergers, bankruptcies, technological'advances,
equipment development, and changing transportation trends have
affected private railroads which comprise a capital intensive,
equipment oriented and fixéd plant industry. The ultimate
effeét has been that many technical decisions have been influenced
more by economic conditions than by technical need.

S
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The trend of the railroad industry has resulted in situations
where signaling systems are remoyed not because they are obsolete
but because they are not required for safety of operation or
because falling train desities have negated the need for their
existence. Intercity passenger train service has become the
responsibility of the federally support National Railroad Passenger
Corporation (Amtrak), which is having difficulty maintaining cost-
effective train operations over a nationaily interdonnected sys-—
tem which is dependent on the use of freight-oriented trackage. -

" Amitrak, operating trains over eighteen private railroads, first
felt the need for standérdization of operating rules including
standard signal'aspebts, titles and indications. The standardi-
zation of operating rules would enable an Amtrak passenger train
to operate over several rail properties withoﬁt having to change
crews at each corporate boundary and also eliminate the require-
ment for composite cab signal equipment.' This should réduce
equipment and labor costs and effect a reasonable ihcrease in

operating schedules.

The addition pf an overiay signal/control system dedicated
to high speed passenger service would likewise increaée'operating
efficiencies. The use of a dedicated signal system would allow
Amtrak trains to 6peréte at higher speeds with shorter Headways
in mixed frieght and commuter'traffiC'with added safety. This
would increase efficiency and dependability of schedules, there-

by increasing revenue through increased ridership.

‘Industry standardization of operating rules, including
signal aspects, titles and indications, is provided by the AAR
Standard Code of Operating Rules. This document is the basis
for most private railroad operating rules and is an acceptable
regulatory document, if it is enforced. 'The key word is enforce-
ment. Operating rules developed to individual railroad. needs,
‘an accumulation of signal types and a ﬁyriad of operating situa-
tioné have produced manj exceptions to the AAR Standard Code.

'
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Such excéptions are permitted by current regulations thereby
reducing the effectiveness of industry standards. This study
report contains recommended standard signal aspects, titles and
indications which, if incorporated into enforceable Federal
standards and regulations, would simplify railroad operations

and tﬁereby»enhance safety.

The FRA held a public hearing in February 1979 to hear all
pertinent testimony on signal and train. control systems, current
regulations and the enforcement of these regulations toward the
ultimate goal of increased safety. The FRA apparently recognizés
the condition of the railroad industry. Regulatory action taken
by the FRA that would require extensive outlays of capital for
equipment or system improvements could further burden an already
.troubled industry. . Railroads have provided a vital link in the
development of our nation aﬁd,are expected to make a significant
contribution in the future. On the other hand the industry is
confronted with an increasing frequency of accidents. ' Therefore,
changes regulatory documents must meet the two-fold purpbse of
providing the minimum regulation yet achieviﬁg maximum safety
with an ultimate goal of near accident-free operation. The
findings of this study emphasize the encouragement of cost effec-~
tive use of state-of-the-art technology and sensible regulation

toward effecting a solution.
The summary conclusions of this report are:
. An.overlay or 'secondary signal/control signal system is
required for high speed passenger train operations to

improve schedule performance and enhance safety in a

mixed traffic environment.
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Standard operating rules including signal aspects,
titles and indications are required as a foundation
for the development of an overlay signal/control °

system,

Current regulations are basically adequate for railroad
operations. However, revisions or modifications are
needed to enhance the development and incorporation of
state-of-the-art signal/contrpl systems, to support )
operationai improvements and to up-date equipment

maintenance requirements.
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This report has drawn upon a number of sources for data, including
technical papers, periodicals, books, and government reports. The sources
have been both domestic and foreign. Where extensive material was extracted
for the report the appropriate acknowledgement was made in the text; however,
the report could not have been completed without the general background in-
formation which was obtained from the documents in this appendix. The authors
acknowledge these soufces by including them in this appendix. The numbers
in the left column of the appendix listing are document numbers assigned for
filing puropses. The numbers are not sequential since only those documents
applicable to this report have been included here, out of the docﬁments accu-
mulated for the general study including tasks 1 and 2. These documents have
been accumulated as a library and are available for reference. It may be
noted that some documents were requested for this study task and were not
recieved; however, they are listed here for their topical value and the fact

that they may be received after the report is published.
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APPENDIX B
CHRONOLOGICAL LISTING OF SIGNIFICANT EVENTS OF

SIGNALING EQUIPMENT AND SYSTEM DEVELOPMENT



The chronology of technological development presented here
utilized OTA's report "Automatic Train Control in Rail Rapid Transit'" and
"American Railway Signaling Principles and Practices'", Chapter 1: 'History
and Development of Railroads', Signal sction, dated 1954, as primary source
material.,

Other data sources included '"Railroad Operation and Railway
Signalling" by E. J. Phillips, Jr., dated 1942, '"History of the Brotherhood
of Railway Signalmen 1901-1976" by A. E. Lyon, dated 1976, "British Railway
Signaling" by 0. S. Nock, dated 1969 and "The Railway Signal Association
Signal Dictionary* 1911 Edition. |

It should also be noted that the chronological development
of signaling systems in some cﬁuntries are not included in this listing
because the information was not available in the literature surveYed. It
is apparent that considerable progress has been made in signaling systems
in Ita}y and France since the end of World War II when the railroads were
in such a disrupted state; however, these developments are not included

because they are not known.

DATE COUNTRY ' EVENTS

1832 United States The first fixed signal system in America was in-
stalled on the New Castle and Frenchtown Railroad.
The signals were ball-shaped objects mounted on
30 foot masts at 3-mile intervals. The signals
were raised and lowered by a signalman to indicate
permissible speed; low meaning stop and stay and
high meaning proceed at full speed. The latter

indication gave rise to the expression "highballing".
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DATE

-COUNTRY

EVENTS

1839

1843

1843

1843

England

England

United States

Germany

The block system of controlling train movement
dates from 1839 on the Great Western Railway of
England. A magnetic needle indicator was used to
telegraph the arrival and departure of trains from
station-to-station for a short distance near
London. An instrument and control was provided

at each station. The indicating instrument was

a galvanometer with two deflecting coils which
were under the control of the next station. The
two positions indicate& whether or not the block
in between the stations contained a train.

The first centralized plant for the operation of
switches and signals was installed at Bricklayer's
Arms Junction in England. It was a simple machine
operated by a signalman who worked the switches
with his hands and the signals wiﬁh.his feet.

The movements of trains by signal indication only
was demonstrated on the Eastern Railroad through
the Salem, Mass. tgnnel. The signals used were a
ball signal on the eastern end and a dial indicator
on each entrance to the tunnel. The dials were
manually operated from the opposite end of the
tunnel by signalmen stationed there.

Electric telegraphs were first used on the Rhine
Railway to signal train arrivals between Aachen and

Ronheide with a five needle telegraph.
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DATE* COUNTRY EVENTS

1851 United States The Morse code electric telegraph wés first uséd
\ . in train operation for sendihg train orders on
the New quk_and Er?quailroad.

1853 Ugited States The Philadelphia and Reading Railroad instailed
signal towers for providing information to approach;
ing trains on the occupancy:of:the:track:in:advance.

1853 England Records indicate that the first patent concerning
the use of tracks as conductors to communicate be-
tween trains and between trains and stations was ,

granted in England. However, there is no evidence

il
A

that the patent idea was ever tried on a railway.

1853 | Germany l The Saxony-Bavaria Stafe Railroad pperaféd its
first signéls:by remote control through a wire
line. ‘

1860 United States  Gate signals were initiéted in America. A.stop

| ‘ ‘ihdication wés displayed By placing a red banner

or disc on top of the gate during the day. A red
light was displayed at night.

1863 - Unitéd States The first manual block signal system was placed in
service‘on:fhe ﬁniféa:New Jersey Canal and Rail-
road. The ;ystem used>the space interval of

controlling train movement.

0t
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DATE

COUNTRY

EVENTS

1865

1866

1868

1868

1870

1871

Germany

United States

Germany

Unitéd States

United States

United States

The Berlin-Gorlitz Railroad introduced station

(platform) signals.

The first automatic electric block system was in-
stalled on the New York, New Haven and Hartfort

Railroad at-Meriden, Connecticut. The disc signals

\

"were operated from open-circuit track circuits

using wheel actuated treadles as circuit

initiators.

~ The BaunSchweig;Raierad'instailed the first

mechnical switch controlled from a signal cabin.

The switch controls had two-way bolt locking.

" The Pennsylvania Railioad used a type of train

order signal which was under the control of the

train dispatcher who could set the signal in the

stop-danger aspect at any remote statiomn by means

of a ;elective device operéted over the regular
Morse telegraph circuit. '

The first interlocking machine in America was\in-
stalied at Top-of-the-Hill, a junction at Trenton,
New Jersey, on thg Camden- and Amboy Division of the
Pennsylvania Railroad.

The first automatic electric block system comﬁarable
with those presently used (using open track circuifs)

was installed on the New York and Harlem Railroad

and the Eastern Railroad.
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DATE

COUNTRY

EVENTS

1872

1872

1873

1873 -

1876

1880

United States

Germany

Germany

United States

United States

S

United States

" The first automatic electric block system using

fail-safe closed DC track circuits was installed
on the Philadelphia and Erie Railroad in

Kinzua, Pennsylvania.

Block signaliné was introduced on the Herlasgrun-
Reichenbach route.

The Prussian railroad introduced the predecessor

~ to today's distant signal.

A closed DC track circuit block utilizing switch
position as an active element was installed on
.the Philadelphia and Erie Railroad. The track
circuit included controllers which used the
position Qf three switches to control the

signal displays. at the entrance to the block.

The first pneumatic power interlocking system was
put in use on the Pennsylvania Railroad at the

Mantua "Y" in West Philadelphia. Compressed air

- was used to 'operate the switches.

" The first Automatic-Train Stop trial was conducted

on the Middle Divisioh of the Pennsylvania Railroad.
A glass tube located under the car near th§ rails
was broken by a track.device which bled the

air pressure in the car bréke lines and set the

car brakes.
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DATE

COUNTRY

EVENTS

1881

1885

1885

United States

United States

United States

The first hydraulic interlocking system was installed
at Wellington, Ohio at the crossing of the Wheeling
and Lake Erie Railroad and the Cleveland, Cincinnati
Chicago and St. Louis Railroad.

The "Dutch Clock' device for establishing time
intervals (headways) between trains was in use on
the‘New York, New Haven and Hartford Railroad

and the New York Central and Hudson River Railroad.

‘The. device was operated automatically'by a treadle

device dn the rail. The passing train released a
pointer on a wayside dial which started to move
around ‘the dial. The dial was divided into three
segments each representing 5 minutes. The pointer
movement was controlled by an escapement so that it
moved across the dial in a period of 15 minutes.
Headway for the train ahead was thus indicated up

to 15 minutes.

Thevfirst electric occupancy deteFtor locking
systemvusgd in interiocked track switches was
installed'by the Pennsylvania Railroad at the
Pittsburgh;‘Pennsylvania terminal. The system
prevented the movement of track switches when a

train was in track territory near the switches.
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DATE COUNTRY : EVENTS

1889 United States The first electric interlocking system employing
dynamic indication was installed at East.Norwood,
Ohio at the crossing of the Baltimore and Ohio
Southwestern Railroad by the Cinciﬁnati and North-
ern Railroad. The indication was a feedback which
denoted the accomplishment of the selected switch
movement and was employed as a; active element in
the interlocking system.
1891 ﬁnited States - ‘- The Polarized track circuit relay Qas patented.

The Polarized relay was developed to be useﬁ in

{

track circuits(where the rails were also used as

- direct current returns in electric propulsion.

1892 = Germany , Night signals of Green, for clear, were introduced.

1893 United States The firstklow—voltage, di;ect—current,lmotor—
\ operated automatic semaphore block signdls were
installed on the Central Railroad of New Jersey
ét:Black Dah'é Cut, east of Philiipsﬁurg, Ne& Jerséy. o
fhey weré two-ppsitibﬁ lower quandrant signals with’

the motor and driving chain outside the mast.
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DATE COUNTRY EVENTS

1897 United States Semaphore block signals operated by an electric
motor were installed on the Pennsylvania,

Michigan Central, Cincinnati, New Orleans, and
Texas and Pacific Railroads. The motors operated
on direct current and were unique in that they
operated push rods inside the signal mast which
in turn moved the semaphore signal arms.

1900 United States The first three-block indication was installed on
the Pennsylvania Railroad between Altoona and
Cresson, Pennsylvania. The signals were two-
position, lower-quadrant, two arm automatic sema-
phores. This signal system informed a trainman
of the status of the next three blocks using 4
signal aspects.

1900 England In Acton Town, England, an illuminated track diagram
was first used in connection with resignaling on
the District Railroad due to electrification. It
dispensed with separate track indicators and
brought together all track occupany information on
the plan of tracks and signals, thereby facilitating
the work of the signalman handling traffic.

1901 United States The Boston Elevated installed special polarized DC
track relays. This was the first attempt to operate
track circuits on a railroad where propulsion power
was supplied by electricity and the rails were used

as the medium for current return.
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DATE

COUNTRY

EVENTS

1901

1903

1904

1904

1906

United States

United States

United States

United States

United States

The Boston Elevated made the firsf\permanent
installation .of an automatic train stop system,
which consisted of mechanical wayside trips'en-
gaging brake control apparatus on the moving car.

The North Shore Railroad of California made the

first installation of AC track circuits for auto-

matic block signals. The system used a single rail
track circuit and utilized a DC propulsioﬁ system.
Double track AC track circuits were installed in:
the East Boston Tunnel tefritory of the Boston,
Elevated. The track circuits were the first to
utilize impedance bonds at the rail joints. }Short
range colored light Signalf were also installed.
The lights were automatically operated by the

AC tréck circuits.

The first approach lockiﬁgsysiﬁmudth automatic
release was installed on the Pennsylvania Railroad’
at Lou Garden, Philadelphia, Pennsylvania.

The first large scale installation of double rail

\
track circuits, using impedance bonds and polyphase

‘track relays, was completed on the New York Central

Railroad electric zone. This was the first system'

"where power was taken from a single alternating.

\

current transmission line.
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DATE

COUNTRY

EVENTS

1906

1907

1908

1909

1909

United States

United States

United States

United States

United States

The first signal system with AC track circuits on

‘a road using AC propulsion power was installed

on the New York, New Haven and Hartford Railroad.
The track circuits were the two-rail type, 60 Hz,
with impedance bonds. Propulsion current was 25 Hz.
The first automatic interlocking for the protection
of a railroad crossing was iﬁstalled at Chester,
Virginia, at a crossing of the Tidewater and

Western Railroad with the Virginia Railway, Power

& Light Company. An approaching train automatically
set the signals on the railroad being intersected

to a restricitve aspect.

The first color specification for railway signal
lights was approved by the Railway Signal Association.
The Erie Railroad installed automatic signaling

for train operation by signal indication on a two-
track division, 139.7 miles in length, which directed
trains to: (1) stop and hold main track, (2) take
siding, (3) proceed on main track regardless of
trains which by time table would take precedance.
The first electro-mechanical interlocking machine
with small levers for electric control moénted
separately above the large mechanical levers was
installed at Gap, Pennsylvania on the Pennsylvania

Railroad.
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DATE COUNTRY EVENTS

1911 Canada ' The absolute permissive block system was first
installed on the Toronto, Hamilton and Buffalo
Railroad, between Kinnear and Vinemount, Ontario,
using direct-current semaphore signals.

1912 United States Cab signals were first used on an electric railway
by the Indianpolis and Cincinnati Traction Co.

1914 United States The first signaling system utilizing long range
colored lights was installed on the New York,

New Haven and Hartford Railroad.

1914 United States The cam controller for control of power application
to DC propulsion motors was first used in the
Chicago Rapid Transit Company.

N

1915 United States The American Railway Association adopted rules
which permitted train operation on a single track
by controlled manual block signal indications, super-
seding timetable and train orders.

1919 United States The Buffalo, Rochester and Pittsburg Railroad made
a trial installation of an intermittent inductive
train stop system. The system used magnetic
induction to transfer signals from waysiée to the

train.
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COUNTRY ’

EVENTS '

United States

United States

The first installation of automatic spegd.control
was made on the Chicago, Rock Island and Pacific
Railroad between Blue Island and Joliet, Illinois.
The system used an intermittent electrical contact
ramp. The tain brakes were activated by a com-
bination of mechanical and electrical action.

The mechénical action consisted of a wayside ramp
 activating a train mounted shoe. The mechanical
action occurred each time the train passed a ramp.
The electrical circuit was the determining factor
in whether ornnot the train braking valve was
activated. The electrical circuit was powered

and energized through wa&side signal relays and
included equipment aboard the train which was con-
nected via brushes on the ramp. Asla fgii—safe

. measure the system was designed to apply the brakes
only if the electrical circuit was not energized.
The Pennsylvania Railroad placed in service,
experimentally, the first installation of a continuous
inductive cab signal and train contrél system
covering 43.5 miles bf'single track and 3.4 miles
oflfwo-track, between Lewistown and Sunbury, Pa.
It'wés the first use of vacuum tubes for purposes
other than in communication circuits.\ This
installation aléo was the first time that cab signals
were used in lieu of wayside signals for operating

trains by signal indication.
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DATE COUNTRY

EVENTS

1923 United States

1924  United States

1925 United States

1926 United States

1927 United States

The first commercial installation of an intermittent
/ .
inductive train stop system was made on the Chicago
and -North Western Railraod between West Chicago and
Elgin, I1linois.
fhe first installation of car retarders was madé
at Northbound Yard, Gibson, Indiana on the Harbor
Belt Railroad: The retarders were pneumatically
opefated and electrically controlled.
The first permanent installation of cab signals
without wayside block signals was made on the
Atchison, Topeka & Santa Fe Railroad between
Chillicothe, Illinois and Ft. Madison, Iowa. The
equipment displayed three-speed signals And was
received by the train equipment via a continuous
inductive device.
The Illinois Central Railroad was the first to
equip an operating division with automatic train
stops and two—indication.continuous cab signals
without wayside automatic block signals. J
The first centralized traffic control system was
installed on the Ohio division of the New York
éentral Railroad between Stanley and Derwick, Ohio.
This installation also introduced the first dual-
control electric switch machines which made possible
both local and remote operation of selected
switches installed in this system.
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DATE COUNTRY

EVENTS

1928 Canada
1929 United States
1930  Germany
1931 ‘United States
1932 - United States

Centralized traffic control was first installed ih
Canada on the Canadian Pacific Railroad.
The first interlocked systém which used only relays
in logic sequence instead of mechanically locked
levers was installed on the Chicago, Rock Island
& Pacific Railroad at Blue Island, Illinois.
The first automatic train :stop in Germany used a
permanent magnet on both the train and track
structure as activating elemeﬁts éf the brakes on
the train. Both permanent magnets had electro-

\
magnetic cgncelling coils which deactivated the

braking sequence. The system was fail-safe because

a failure in the electrical circuit of the way-

" 'side system or train system would activate the

brakes on the train.

The New York Central Railroad installed a system
of foug;block indication siénals on a line equipped
with automatic block signals in" heavy suburbah
traffic. The four-block system accommodated faster
passenger train speed while maintaining efficient
operation of slower trains.

The Philadelphia subways installed a modified type

of the three-wire circuit code scheme of centralized

traffic control.
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. DATE

COUNTRY

EVENTS

1933

1933

1937

1937

1939

United States

United States

United States

England

United States

and signals,

Coded track circuits were first installed on the
Pennsylvania Railroad betweén Zoo and Arsenal,
Phildelphia, Pennsylvania. The coded track
circuits‘were used for control of both wayside

and cab signals. The installation operated on

100 Hertz AC power. -

The Pénnsylvania Railroad was granted permission
by the ICC to convert all its locomotives equipped
with the coded continuous train stop system to

thg coded continuous cab signal system with
whistle and acknowledger. This was with the'under—
standing that the Pennsylvaﬁia Railroad would
voluntarily extend(céb signal territory fo include
most of its main line traékaga.

The New York Ceﬁtral railroad installed the first
relay inferlocked system with push-buttons to
control automaticélly selected routes, switches

)
The first installation of an all-reiay interlocked
system with pushbutton :selection of routes
installed in Brunswick England on the Cheshire

Lines. ‘The pushbuttons positioned switches and

" signals of a route automatically.

The first application of coded detector track

circuits in an interlocked system was made by the

Norfolk & Western Railroad.
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DATE

COUNTRY

EVENTS .

1939

1940

1940

United States

United States

United States

A four-aspect, four-speed, coded continuous train
control system'wés installed on suburban cars of

the Key System, Southern Pacific and Sacremento

" Northern Railroads operating over the San

‘Francisco-Oakland Bay Bridge, California. The

system was designed to handle 10-car multiple-unit
trains operating ona l-minute headway. The instal-
lation included a route (NX) interlocking system

with a train describer and automatic operation of

'a simgle switch.

The first application of.approach—eﬁergized, tuned
alternators as the power source for cab signals
was made on the coded track -circuit installation
of the Pennsylvania Railroad betw;en Conpit and
Keskiminetas Junction; Pennsylvania.

The Pennsylvania Railroad installed a centralized

traffic control system between Harmony and

Effingham, I1linois, which was unique in that it

‘used a two wire code line circuit in which all

field equipment was connected in multiple across
the line wires. The two wire system used a 35
station time code for controland also served for

J M}
communication. ’
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DATE ~_ COUNTRY

COUNTRY

1940 United States
1940 United States
1941 Canada

1941 United States
1941 United States
1943 United States

The first installation of reversible code track
circuits in single—t;ack territory with centralized
traffic control was made between Machias and Hubbard,
New York on the Pennsflvania Railroad.

The first installation of abéolﬁte permissive

block (APB) sigﬁaliﬁg with three and four indications
with coded track circuits was made on the Norfolk

& Western Railway, between Peterburg and Evergreen,
Virginia.

The Canadién Nationai Railroad instélled centralized
traffic COnﬁrpl between Catamount and West End
(Moncton) New Brunswich. The system used a two-
wire polar control simplex system (series line) with
provisipns fér super-imposing telephone on the

code linelwires.

The first:installation of speed control using car
retarders was made on the Norfolk § Western Rail-
road at ROanoékg, Virginia. S

Electro-pneumatic retarders were used.

The first normally de-energized coded track circuits

were placed ip service threugh the Moffat Tunnel

on the Denver § Salt Lake Railroad.

The first installation of coded track circuits using
polar reverse codes with three-indication signaling
for either direction operation was made on the St.

Louis Southwestern Railroad.
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DATE

COUNTRY

EVENTS

1944

1945

1946

1946

United States

United. States

Germany

United States

The first instaliation of normally-deengérgized
coded track circuits for centralized.traffic con-
trol on single track was placed in service betﬁeen
Léredd.and Polo,vMissouri; on the

Chicago, Milwaukee, St. Paul § Pacific Railroad.

: /

The Atchison Topeka & Santa Fe Railroad success-
fully demonst¥ated the feasibility of centralized
traffic control opefation over long distances on
existing railroad communicatién lines. The test
was made over 2,200 miles of telegraph circuit.

The first German push-button controlled track-

diagram interlocked system display was installed

at The Dasseldorf-Dorendorf Station. The system
had a control desk and switching equipment thgt

consisted of modular réléy groups. Routes were

controlled by start-destination (NX in US terms)
buttons in the track diagram.

The Pennsylvania Railroad demonstrated the feasi-

~bility of centralized traffic control operation

over commercial communication circuifs, including
beamed radio. The test was made over approximately
1,130 miles of Western Union carrier telegraph
circuit including about 90 miles of beamed radio.

This was the first time beamed radio was used for

this purpose.
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COUNTRY

EVENTS

DATE

1948

1949

1949

1950

1951

United States

‘United States

United States .

Canada

Germany

Automatic Train Dispatching was first used in
rapid transit by the Philadelphia Rapid Transit,
now (SEPTA). The system employed a perforated
opaque tape driven by a clock-like mechanism. A
beam of light scanning the tape triggered a photo-
electric cell which initiated starting lights at
terminals. ,

The first installation of a coded route (NX) inter-
locked system was installed on the Missouri Pacific
Railroad at Kansas City, Missouri.

The Rochester and Pittsburg Railroad installed
automatic block signaling between Rochester and
Scottsville New York which was unique in that the
signals were normally dark, being activated only

by approaéhing traffic. The installation included

both forward and reverse track coding which was

'initiated by traffic.

The Canadian Pacific Railway installed the first car
retarder system to be completely operated by auto-
matic switching. .Thé system was installed at St.
Lac,Yard in Montreal, Quebec and included speed
control of movements through the retarders located
ahead of fhe,scales.

The first train number,K identification system .was
installed for automated train-run supervisién

at the Cologne Central Stationm.
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DATE - COUNTRY - | EVENTS

1951 Germany . The first automatic block continuous train
control was introduced on the Gerﬁan Federal
\ : Railway (DB) main line between Bebra and Cornberg.

The system detected the train number which was

J : \

transmittéd to the control center by pulse code.

1951 United States The Pennsyl?ania Railraod installed é three-speed
inductive train control system which limited speed
to 20 mph when the track carried no code, 30 mph
when the track carried a 75 code, 45 mph ;t 120
code, and no 1imit.with 180 code.

1951 United Sta;es .‘The Chicago Tfansit Authority began the use of

| autohatic aispétching<with remote override,from.

central locationé. .The system employed a

mechanical clock, pen graph recordef of train

movements and line supervision.

1951 United States Portable radios were first used by yard switchmen
on the Southern Railway in connecfionwithcoupling
cars in the classification yard and transferring
‘them to the departure yard.

1952 United States An automatic train identification system was placed
in service by the Erie Railroad at Waterloo, New
fork, in connection with a remotely controlled
interlbcking system. The, K system identifiea the
direction of movement and the number of the train
as it cleared a manual block on é branch line.

The passing time (OS) was automatically transmitted

to the dispatchers office which was over 20 miles away.
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DATE COUNTRY EVENTS

1952 Germany A continuous train control system was placed in
operation .from Regensburg to ﬁurnberg. The system
used pulse-code rotary selector controls at the
ceﬁtral office in Nurnberg. | ,
1953 United»States> - Transistors were introduced into cab signaling
equipment in lieu of vacuum tubes on the New
York, New Haven § Hartford Railroad.
1953 United Stat;s 'Transisfors were used in safety (vital) carrier
equipment on the Pennsylvarnia Railroad.
1953 United States Aqumatic retarders controlled by an Analog
| Computer was installed at Kirk Yard on the Elgin
: Jolieg_& Eastern Railroad.
1955 ~United Statés . A crewless remote-controlled passenger train was
demonstrated on the New York, New Haven §
Haftforthailroad.
1959 United States The inductive train phone.was first used in rail
rapid transit by the Chicago Transit Authority.
1961 United States A comp}etely automatic subway train was placed in
service on the shuttle run between Times Square\
and Grand Central Station in New York. A motorman
was on board for emergencies, but he was not |
involved in normal operation of the train and often
"spent his time reading thévnewspaper.
1962 Canada N crewless freight train operating system was tested

on the Canadian National Railroad.
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DATE COUNTRY EVENTS
1962 Germany A'three-phase magnetic core transistor circuit
N system with ldgic elements operating on the fail-
safe principal wére first used on German Railroads.
1964 United States Automatic Tréin OperaLion, (ATO) equiément, intended
for use in the BART system, was operationally
tested at Thorndale on the Chicago Transit
Authority North;SOuth rbute._
1964 'Japanr The Japanese National Railroad inaugurated a
| transistorized Central Train Control system from
Tokyo to Shin-Osaka.
1964 Germany The'interlocking‘sys;em at Munich main station

‘was resignaled using self checking modular relay

groups. At the same time, continuous train control
was also implemented using pulse code communications
and automatic block installations for automatic

train routing.
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DATE COUNTRY EVENTS

1966 United States Four automatic train control systemstfor BART
were demonstrated at the Diablo test track - one
using'thé moving block concept, two using coded
track circuits, and the other using a "trackwire"
communications link and wayside control equipment.
The moving block system utilized a form of radar
transceiver on each train, coupled to a waveguide
mounted between or alongside the track. ' A signal
was propggated in the forward direction only, being
reflected by a target on é leading train, thereby
producing an indication of the separation of the
two trains. . The purpose of the system was to
provide a means of maintaining a figed distance
between trains.

1966 United States . Fully automated vehicle operation and innovative
methods of train control were demonstrated for
the Transit Expressway (Skybus) system at South
Park, Pennsylvania, by the Port Authority

- Allegheny County (Pittsburg).

1966 Germany A system was placed in service at Kassel on the
U-Strassbahn using inductive transmission of data
between trains and fixed track devices for control
of routes, signals, train destination platform

indicators, etc.
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\DATE

COUNTRY

EVENTS

1967

1968

1969

1970

1970

1971

1972

1972

United States

Germany

HUnited States

Germany

Germany‘

United States

1

United States

England

Audio-frequency track circuits in.a rail rapid
transit application were first placed in regular
service by the Chicago Transit AuthorityT

An experimental Microwave system was implemeﬁted
in the Munich area for reading a 12-digital
vehicle number.

Revenue service was begun on the PATCO Lindenwold
Line. After a manually initiated start, train
operation is completely automatic.untii the doors
are opened at fhe next station.

An experimental train control sygtem using track
conductors (called "wiggle wiresﬁ) was installed
between Munich and Ausburg.

The first "super express' locomotive was run under
fully automatic cdntrol.

An automatic people-mover system was. placed in
operation‘at the Tampa Airport. This system\
incorporates one of the ATC elements ofiginall&
demonstrated at South Park.

Four automatic people-mover systems were demonstrated
at TRANSPO '72, Washington, D.C., under the auspicesy
of the U. S. Department of Transportation.

The final section of the Victoria line of the
London undergrdund was‘opened for service. The
system utili;es automatic train operatioﬁ as well
as ticket issue and control. Closed circuit t;ie-

vision is included in the communication system.
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DATE

COUNTRY

EVENTS

1972

1972

1972

1973

1974

1974

/

Finland

Japan

United States

United States

United States

United States

Trials began on a six car test train as a part

of the Helsinki Subway system. The train is com-
pletely automated.

The Shinkansen Railroad was extended from Shin-
Osaka to Okayama. This extension included the
addition of computer control of routes at all
stations; adjustments of traffic and transmitting
of turn around and employment of rolling stock.
Revenue service was initiated on the fremont—Mac—
Arthur portion of the BART system. Train operation,
includiﬁg start, berthing, and door operation, is
entirely automatic but under the supervision of
an onboard operator.

The Satellite Transit System, featuring automatic
crewless vehicle operation, was.placed inservice
for passengers at the Seattle-Tacoma (Sea-Tac)
Airport.

The AIRTRANS system at Dallas/Ft. Worth Airport
opened for service. Operating on 17 interconnected
routes, AIRTRANS has automatic crewlegs trains to
carry passengers, baggage, freight, mail and
refusg‘within the airport complex.

ﬁemonstration of the Morgantown, W. Virginia,
Personal Rapid Transit (PRT) system was conducted.
Small vehicles, operating on a fixed guidewaf,
circulate under automatic control and without on-
board operators.
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DATE

COUNTRY

EVENTS

1974

1975

1975

Germany

Canada

United Kingdom

A computer controlled system called CORECT
(Continuous Reﬁote Control of Train) was placed
in operatioﬁ on the railway between Hamburg and
Bremen. The system used track conductors (wiggle

wires) instead of the tracks for communication with

trains and for train position monitoring. The

track conductors were positioned between the tracks

and crossed over each other every 100 meters to

provide points of reference for passing trains.

The Canadian National Railroad completed a Coast to

Coast system of centralized traffic control. In

3,800 miles of track, there are 12 Control Centers;

A computér systemvwas placed on the line which
introduced‘nation wide ﬁonitoring of freight
vehicles in 155 freight centers. The system}is
designated TOPS (Total Opefations Processing System)
and has proved to be of significant value in enabling
freigﬁt managers to plan freights movements and

vehicle utilization in a more. efficient manner.

B-26



APPENDIX C

.RAILROAD SIGNAL ASPECTS, TITLES AND INDICATIONS



The information included in this appendix is an accumulation of data
taken from the official rule books from 18 railroads who carry AMTRAK passenger
trains. The rules are arranged in the appendix in alphabetical order by the

railroad name.
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ATCHISON, TOPEKA AND SANTA FE

RULE NO. NAME INDICATION
280
28| CLEAR PROCEED
~
@ -
© PROCEED; APPROACH MEXT SIGNAL NOT
28 APPROACH EXCEEDING MEDIUM SPEED, AND BE
I-A LIMITED PREPARED TO ENTER DIVERGING ROUTE
AT PRESCRIBED SPEED.
281-B
28I-C

281-D




ATCHISON, TOPEKA AND

~ SANTA FE
RULE NO SIGNAL NAME INDICATION
28I-E
’ ~ 7
@ PROCEED; APPROACH NEXT SIGNAL NOT
8 APPROACH EXCEEDING MEDIUM SPEED, AND BE
2 2 MEDIUM PREPARED TO ENTER DIVERGING' ROUTE
AT PRESCRIBED -SPEED.
282-A
0
®
@ ',_l.
DIVERGING PRQCEED THROUGH DIVERGING ROUTE ;
283 CLEAR PRESCRIBED SPEED THROUGH TURNOQUT.
e
283-A
\
283-B
8
<




RULE NO.

ATCHISON, TOPEKA AND

SANTA FE

SIGNAL NAME

INDICATION

. 283-C

284

APPROACH
RESTRICTED

PROCEED; PREPARED TO PASS NEXT
SIGNAL AT RESTRICTED SPEED, AND
TO ENTER DIVERGING ROUT AT
PRESCRIBED SPEED; !F EXCEEDING
MEDIUM SPEED, IMMEDIATELY REDUCE
TO MEDIUM SPEED.

285 .

APPROACH

PROCEED PREPARING TO STOP AT .
NEXT SIGNAL ; IF EXCEEDING MEDIUM
SPEED IMMEDIATELY REDUCE TO
MEDIUM SPEED.

285-A

285-B

286

~ P

- @ N DIVERGING
APPROACH

PROCEED THROUGH DIVERGING ROUTE ;
PRESCRIBED SPEED THROUGH TURNOUT;
APPROACH NEXT SIGNAL PREPARING
TO STOP, IF EXCEEDING MEDIUM SPEED
IMMEDIATELY REDUCE TO MEDIUM SPEED.
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RULE NO.

ATCHISON.TOP_EKA AND SANTA FE

SIGNAL NAME INDICATION
A}
7
Ny \
7 I\ ®©
290 RESTRICTING PROCEED AT RESTRICTED SPEED
290-A £\ PERMISSIVE PROCEED AT RESTRICTED SPEED
X ® STOP; THEN PROCEED AS PRESCRIBED BY
RULE 320.
- (ALTERNATIVE CONDITIONS;
sTop 1. SINGLE TRACK W/O TCS
29| AND 2. ANY TRACK WITH TCS
PROCEED 3. FACING POINT SWITCH IMMEDIATELY

BEYOND SIGNAL
4. TRAIN OR CARS IMMEDIATELY BEYOND
SIGNAL)
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RULE NO.

ATCHISON, TOPEKA AND SANTA FE

- SIGNAL

NAME

INDICATION

291-A

292

STOP

STOP

293

293A

294

295
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BALTIMORE" AND OHIO

RULE NO . SIGNAL '. . . NAME INDICATION

280

| - @ X
B28}I . r f] CLEAR PROCEED .
1T

28I-A

28I1-B

281-C

281-D




BALTIMORE AND OHIO

RULE NO. SIGNAL NAME INDICATION
o
282 [) APPROACH PROCEED APPROACHING NEXT SIGNAL AT
® LIMITED NOT EXCEEDING LIMITED SPEED
-
[y
'282_ A °V @ APPROACH PROCEED APPROACHING NEXT SIGNAL AT
9 MED UM NOT EXCEEDING MEDIUM SPEED
®
®
4
LIMITED SPEED THROUGH CROSSOVERS
\ TURNOUTS, SIDINGS , INTERLOCKING
283 g ey LIMITS AND OVER POWER SWITCHES ;
THEN PROCEED AT MAXIMUM
AUTHORIZED SPEED
, MEOIUM SPEED THROUGH CROSSOVERS
) . TURNOUTS, SIDINGS , INTERLOCKING
283-A¢ "::IE_%':’: LIMITS AND OVER POWER SWITCHES,
(6) THEN PROCEED AT MAXIMUM
s Lo AUTHORIZED SPEED
©
583-B MEDIUM PROCEED AT NOT EXCEEDING MEDIUM
- SPEED APPROACHING NEXT SIGNAL AT
APPROACH MEDIU
. © g CH MEDIUM 1 ot exceEDING MEDIUM SPEED
— @

C-8




T

BALTIMORE AND OHIO

. @

APPROACH SLOW

RULE NO, SIGNAL NAME , INDICATION
PROCEED AT NOT EXCEEDING ‘MEDIUM
. 283-C MEDIUM SPEED APPROACHING NEXT. SIGNAL AT

NOT EXCEEDING SLOW SPEED.

APPROACH SLOW

PROCEED APPROACHING NEXT SIGNAL
AT SLOW SPEED. TRAIN OR ENGINE
EXCEEDING MEDIUM SPEED WHEN
INDICATION IS SEEN MUST TAKE
ACTION AT ONCE TO REDUCE TO MEDIUM
SPEED OR SLOWER, IF NECESSARY.

APRROACH

PROCEED PREPARED TO STOP AT

NEXT SIGNAL. TRAIN OR ENGINE
EXCEEDING MEDIUM SPEED WHEN
INDICATION IS SEEN MUST TAKE
‘ACTION AT ONCE TO REDUCE TO
MEDIUM SPEED OR SLOWER IF NECESSARY.

DISTANT SIGNAL

N

APPROACH NEXT SIGNAL
PREPARED TO STOP.

285-B

286

MEDIUM
APPROACH

PROCEED AT NOT EXCEEDING
MEDIUM SPEED PREPARED
TO STOP AT NEXT SIGNAL.

’
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BALTIMORE AND OHIO

RULE NO. SIGNAL NAME TNDICATION
SLOW SPEED THROUGH CROSSOVERS,
TURNOUTS, SIDINGS, INTERLOCKING LIMITS,
) SLOW- AND OVER POWER SWITCHES. TRAIN OR
287 ® APPROACH SLOW ENGINE MAY THEN PROCEED AT MAXIMUM
) AUTHORIZED SPEED, IF CONDITIONS PERMIT,
© BUT MUST APPROACH THE NEXT SIGNAL
. AT NOT EXCEEDING SLOW SPEED
SLOW SPEED THROUGH CROSSOVERS,
TURNOUTS, SIDINGS, INTERLOCKING LIMITS,
288 1) SLow- AND OVER POWER SWITCHES;, THEN
@ . APPROACH PROCEED AT NOT EXCEEDING MEDIUM
. @ SPEED PREPARED TO STOP AT NEXT
@ SIGNAL
290 @ RESTRICTING PROCEED AT RESTRICTED SPEED
| .
) STOP - STOP,
B29| ® AND THEN PROCEED AT RESTRICTED .
4 PROCEED SPEED
: 20 o ®® -
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3 BALTIMORE AND OHIO
RULE NO. _SIGNAL - " NAME INDICATION
/® ®)®6
29l-A | 4 GRADE PROCEED AT RESTRICTED SPEED
T SIGNAL WITHOUT STOPPING
' &
B292 @9 : E sToP sToP
| [~
Lyl L]
E) DRAGGING WHEN ILLUMINATED , STOP AND EXAMINE
293 ( vyl TRAIN FOR DRAGGING EQUIPMENT .
L
293-A
' TAKE i
SIDING WHEN ILLUMINATED, TAKE SIDING
294 SIGNAL :
295 o aacK END OF TRACK CIRCUIT
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RULE NO

BURLINGTON NORTHERN

SIGNAL " NAME - : "INDICATION
222-A STOP STOP UNLESS CLEARANCE RECEIVED.
§
1 L
o -@7 ﬁ@
222-B 19 ORDER PRocéeo IF CLEARANCE RECEIVED.
1 L
. =00 2@ ©
222-C |- CSD CLEAR PROCEED
\
1
240-A
240-B
|
240-C
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RULE NO

BURLINGTON NORTHERN

ENGINE PASSES THE NEXT SIGNAL

SIGNAL NAME INDICATION
o i
50l Tb i Tg' CLEAR PROCEED
~ 7~ ~ e ~ P ~ 7
Z@CZ@IZ?:Z@C
5 'A ®- @ APPROACH PROCEED APPROACHING NEXT SIGNAL
Ol ® g2 MEDIUM NOT EXCEEDING 30 MPH
' ? ?Ti
-
o : ??
?: PROCEED PREPARED TO STOP
501-B T: APPROACH BEFORE ANY PART OF TRAIN OR
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~AAR

BURLINGTON NORTHERN

HAND OPERATION
OF SWITCH

RULE NO SIGNAL NAME INDICATION
501-C DIVERGING PROCEED ON DIVERGING ROUTE AT
CLEAR PRESCRIBED SPEED.
& .
N ARG
AL PN ; DIVERGING PROCEED ON DIVERGING ROUTE AT
501-D APPROACH PRESCRIBED SPEED AND APPROACH
© g MEDIUM NEXT SIGNAL NOT EXCEEDING 30 MPH .
o> PROCEED ON DIVERGING ROUTE AT
50I-E DIVERGING PRESCRIBED SPEED PREPARED TO
APPROACH STOP BEFORE ANY PART OF TRAIN
OR ENGINE PASSES THE NEXT SIGNAL.
g
2
501-F . APPROACH PROCEED APPROACHING NEXT SIGNAL
RESTRICTING NOT EXCEEOING RESTRICTED SPEED.
© @
® ' :
50I1-G RESTRICTING PROCEED AT RESTRICTEQ SPEED.
Q
i ?
1
TAKE SIDING .
50I-H INDICATOR FOR PROCEED AT RESTRICTED SPEED. HAND

OPERATE SWITCH AND ENTER SIDING.
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AAR

BURLINGTON NORTHERN

——
— 7
—

RULE. NO. SIGNAL NAME INDICATION
4 -
[V}
. PERMISSIVE
MAaRXER
_{] (YELLOW) .
~ . : PROCEED AT RESTRICTED SPEED
o
50K ;F:; ) [PERMISSIVE THROUGH ENTIRE BLOCK.
~
@ @ ~
:’ @ .
- '~ : .
: N ¢ sTop STOP BEFORE ANY PART OF TRAIN ‘OR
501-J -@: -@" AR ENGINE PASSES THE SIGNAL THEN
PROCRED PROCEED AT RESTRICTED SPEED
; . THROUGH ENTIRE BLOCK.
(/i)
50i-K sTop STOP BEFORE ANY PART OF TRAIN

OR ENGINE PASSES THE SIGNAL.
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TO THAT SPEED.

- CANADIAN NATIONAL
RULE NO SIGNAL \ NAME INDICATION
28] ' S PROCEED
‘ ©
;5
@E; o FD
®) (@ )
287 © [© oo PROCEED, APPROACHING NEXT SIGNAL
@ SIGNAL AT. MEDIUM SPEED.
©,
© © @ ]
- ® .
- © © , APPROACH PROCEED , APPROACHING NEXT SIGNAL .
282-A ©) LIMITED
S SIGNAL AT LIMITED SPEED.
2\
MEDIUM PROCEED , MEDIUM SPEED WITHIN
283 CLEAR INTERLOCKING LIMITS OR THROUGH
. SIGNAL TURNOUTS .
(®
© ) LIMITED PROCEED , LIMITED SPEED WITHIN
283-A ® CLEAR INTERLOCKING LIMITS OR THROUGH
® SIGNAL TURNOUTS .
N ,
£
@ (@
PROCEED , APPROACHING NEXT SIGNAL
84 © ©. . APPROACH AT SLOW SPEED . TRAINS EXCEEDING
(®) Broivit MEDIUM SPEED MUST AT ONCE REDUCE
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RULE NO. . SIGNAL ' NAME INDICATION
4 :
) PROCEED , PREPARING TO STOP AT NEXT
, SIGNAL . TRAINS EXCEEDING MEDIUM
285 APPROACH SPEED MUST AT ONCE REDUCE TO THAT
SIGNAL SPEED. REDUCTION TO MEDIUM SPEED
. MUST COMMENCE BEFORE PASSING
SIGNAL .
(B
286 K A";ﬁg'olﬂ‘(‘m PROCEED AT MEDIUM SPEED PREPARING
| o5 ® SIGNAL TO STOP AT NEXT SIGNAL.-
286-A ® A;';“R'JESH 'PROCEED AT LIMITED SPEED PREPARING
_ (®) S SIGNAL TO STOP AT NEXT SIGNAL.
\ .
[\
\
' 7
sLow 'PROCEED , SLOW SPEED WITHIN
287 . CLEAR INTERLOCKING LIMITS OR THROUGH
®- SIGNAL TURNOUTS .
B
PROCEED , PREPARING TO STOP AT NEXT
o . SIGNAL . SLOW SPEED WITHIN
} ' sLow " INTERLOCKING LIMITS OR THROUGH
288 FLASHING - | . - APPROACH TURNOUTS, MEDIUM SPEED MUST THEN
/ SIGNAL NOT BE EXCEEDED UNTIL A MORE
FAVORABLE INDICATION HAS BEEN
(») ACCEPTED . :
‘ Ao Ao 3
o '
RESTRICTING
290 ’ SIGNAL | PROCEED AT RESTRICTED SPEED.
> T
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RULE NO

SIGRAL N NAME INDICATION
[
. . STOP AND STOP, THEN PROCEED AT RESTRICTED
291 PROCEED oeED
SIGNAL -
& TRAINS HANDLING FIFTY PER CENT OR
. . MORE OF RULING GRADE TONNAGE
¢ ‘ RAGE APPROACHING A GRADE SIGNAL
- 291-A : SIONAL INDICATING “STOP, THEN PROCEED AT
RESTRICTED SPEED" MAY PASS 1T
WITHOUT STOPPING AND PROCEED
AT RESTRICTED SPEED.
'
. . STATION STOP , THEN FROCEED 4T RESTRICTED
29]-B , : PROTECTION SPEED AND PRECEDED BY A FLAGMAN
. ! 4l WHEN NECESSARY T0 ENSURE FULL
PROTECTION .
sTOP :
292 SIGNAL sToP
|1 Fe
0 ©] @® ’ ,
. .
= LIGHTED y "
’ BE GOVERNED BY SIGNAL INDICATION.
J/ - Fuagen TAKE TAKE (OR LEAVE) SIDING WHEN “S”
293 @ (OR LEAVE) LIGHTED OR LIGHT FLASHING . .
S . SIDING NOTE : LIGHTED " §° OR FLASHING LIGHT
SIGNAL IS USED IN CONJUNCTION WITH A

.

BLOCK OR INTERLOCKING SIGNAL .
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CHESAPEAKE AND OHIO

RULE NO SIGNAL NAME INDICATION

280

o & (o
28| @ . CLEAR PROCEED
10077680 |

281-A

281-B

28I-C

28I-D
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: CHESAPEAKE AND OHIO
RULE NO SIGNAL - NAME INDICATION
!
28I-E |
: APPROACH PROCEED APPROACHING NEXT SIGNAL AT
282 MEDIUM NOT EXCEEDING MEDIUM SPEED
1O
cJ
|
282-A
-
MEDIUM SPEED THROUGH CROSSOVERS
MED! TURNOUTS, SIDINGS, INTERLOCKING
2 83 a a CLEX;‘ LIMITS AND OVER POWER SWITCHES;
THEN PROCEED AT MAXIMUM
. AUTHORIZED SPEED
©®
g MEDIUM PROCEED AT NOT EXCEEDING MEDIUM
- SPEED APPROACHING NEXT SIGNAL AT
283 A @ APPROACH SLOW NOT EXCEEDING SLOW SPEED
283-B
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RULE NO

CHESAPEAKE AND

OHIO

SIGNAL

NAME

INDICATION

.283-C

284

APPROACH SLOW

PROCEED APPROACHING NEXT SIGNAL

AT NOT EXCEEDING SLOW SPEED;
TRAIN OR ENGINE EXCEEDING MEDIUM
SPEED MUST TAKE ACTION AT OR
BEFORE REACMHING APPROACH SLOW
INDICATION TO REDUCE TO THAT SPEED.

285

' APPROACH

PROCEED PREPARED TO STOP AT
NEXT SIGNAL.TRAIN OR ENGINE
EXCEEDING MEDIUM SPEED MUST

TAKE ACTION AT OR BEFORE REACHING
APPROACH INDICATION TO REDUCE

TO THAT SPEED.

285-A

OISTANT SIGNAL

APPROACH NEXT SIGNAL
PREPARED TO STOP,

285-B

286

MEDIUM
APPROACH

PROCEED AT NOT EXCEEDING
MEDIUM SPEED PREPARED
TO STOP AT NEXT SIGNAL.
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CHESAPEAKE AND OHIO

RULE NO. SIGNAL NANE INDICATION
SLOW SPEED THROUGH CROSSOVERS,
287 sLow TURNOUTS, SIDINGS, INTERLOCKING LIMITS,
\:J CLEAR AND OVER POWER SWITCHES; THEN
? PROCEED AT MAXIMUM AUTHORIZED SPEED
AN6N0
@ SLOW SPEED THROUGH CROSSOVERS,
TURNOUTS, SIDINGS, INTERLOCKING LIMITS,
288 ﬂ . SLow- AND OVER POWER SWITCHES, THEN
: APPROACH PROCEED AT NOT EXCEEDING MEDIUM
SPEED PREPARED TO STOP AT NEXT
@ / SIGNAL
I
290 9 ﬂ g /T MMEER PLATE RESTRICTING PROCEED AT RESTRICTED SPEED
1 .
®
®
sToP STOP; |
291 AND THEN PROCEED AT RESTRICTED
PROCEED SPEED
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' ' CHESAPEAKE. AND OHIO
RULE NO SIGNAL ) - NAME ’ INDICATION
291-A )
292 - STOP STéP
y
293 '
1. 293A
294 STI‘;,':‘EG TRAIN TAKE SIDING
®®®
@ ®
295 BLOCK SIGN ‘ END OF TRACK cuRcu;T
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CONRAIL , AMTRAK

RULE NO.' SIGNAL NAME INDICATION
PROCEED ; FOR PASSENGER TRAINS,
280 MANUAL BLOCK CLEAR; FOR TRAINS
CLEAR -BLOCK | OTHER THAN PASSENGER TRAINS,
MANUAL BLOCK CLEAR OUTSIDE
YARD LIMITS.
28I CLEAR PROCEED
28I1-A A‘;?,‘;‘:)'LCCEH PROCEED APPROACHING SECOND
PononcH | sieNaL AT MeDIUM sPEED.
28I1-B APPROACH | PROCEED APPROACHING NEXT
LIMITED | SIGNAL AT LIMITED SPEED.
PROCEED:LIMITED SPEED WITHIN
INTERLOCKING LIMITS.
) NOTE - IN CAB SIGNAL TERRITORY WITH
28|-C LMITED  |FIXED AUTOMATIC BLOCK SIGNAL ,TRAINS
h h ® ® - CLEAR  |WITH CAB SIGNALS NOT IN OPERATIVE
3 CONDITION,OR NOT EQUIPPED WITH CAB
® SIGNALS , MUST NOT EXCEED MEDIUM
SPEED TO NEXT SIGNAL.
@ .
1@ C)
281-D LIMITED PROCEED_ AT LIMITED SPEED
® @ APPROACH PREPARING TO STOP AT NEXT SIGNAL,
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[ CONRAIL , AMTRAK
RULE NOJ- SIGNAL NAME INDICATION
PROCEED
28-E &> APPROACH NOTE —COES NOT CONVEY CONDITION
‘ CLEAR OF TRACK BETWEEN APPROACH SIGNAL
. , AND INTERLOCKING SIGNAL .
g2 APPROACH PROCEED APPROACHING NEXT SIGNAL
MEDIUM AT MEDIUM SPEED.
©) \
PROCEED PREPARING TO STOP AT
282-A . ADVANCE SECOND SIGNAL .
® © ) APPROACH TRAIN EXCEEDING LIMITED SPEED MUST
/ AT ONCE REDUCE TO THAT SPEED.
© PROCEED; MEDIUM SPEED WITHIN
@ ' INTERLOCKING LIMITS,
: . . (@) NOTE—IN CAB SIGNAL TERRITORY WITH
283 ) : MEDIUM FIXED AUTOMATIC BLOCK SIGNALS, TRAINS
8 : 60 ® ® CLEAR WITH CAB SIGNALS NOT IN OPERATIVE
: CONDITION, OR NOT EQUIPPED WITH CAB
Q © SIGNALS, MUST NOT EXCEED MEDIUM
9 - SPEED TO NEXT SIGNAL .
,
. @ MEDIUM PROCEED PREPARING TO STOP AT
283-A ® _ ADVANCE SECOND SIGNAL MEDIUM SPEED
APPROACH WITHIN INTERLOCKING LIMITS,
® MEDIUM 'PROCEED AT MEDIUM SPEED
283-B @ APPROACH APPROACHING NEXT SIGNAL
@ SLow _AT SLOW SPEED.
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RULE NO

CONRAIL

T AMTRAK 7

SIGNAL '

NAME

INDICATION

283-C

284

=
F

APPROACH
SLow

J

PROCEED APPROACHING NEXT SIGNAL
AT SLOW SPEED

TRAIN EXCEEDING MEDIUM SPEED
MUST AT ONCE REDUCE TO THAT SPEED

285

©
¥

~

APPROACH

PROCEED PREPARED TQO STOP AT NEXT
SIGNAL. TRAIN EXCEEDING MEDIUM
/SPEED MUST AT ONCE REDUCE TO
THAT SPEED

285-A

CAUTION

TRAIN EXCEEDING MEDIUM SPEED MUST
AT ONCE REDUCE TO THAT SPEED.
WHERE A FACING SWITCH IS CONNECTED
WITH THE SIGNAL ,APPROACH THAT
SWITCH PREPARED TO STOP. APPROACH
NEXT SIGNAL PREPARED TO STOP.

285-B

APPROACH
RESTRICTING

PROCEED PREPARED TO STOP AT NEXT
SIGNAL . TRAINS EXCEEDING MEDIUM
SPEED MUST AT ONCE REDUCE TO
THAT SPEED.

NOTE - DOES NOT CONVEY CONDITION OF
TRACK BETWEEN APPROACH SIGNAL
AND INTERLOCKING SIGNAL

286

MEDIUM
APPROACH

>

PROCEED- AT MEDIUM SPEED PREPARED
TO STOP AT NEXT SIGNAL
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CONRAIL , AMTRAK

RULE NO SIGNAL NAME INDICATION
. PROCEED; SLOW SPEED WITHIN
287 © @ ® SLOW-CLEAR | |\ YERLOCKING LIMITS.
sLow PROCEED PREPARING TO STOP AT
288 APPROACH | NEXT SIGNAL; SLOW SPEED
WITHIN INTERLOCKING LIMITS.
BLOCK OCCUPIED: FOR PASSENGER
) TRAINS, STOP; FOR TRAINS OTHER
289 PERMISSIVE | THAN PASSENGER TRAINS PROCEED
BLOCK | PREPARED TO STOP SHORT OF A TRAIN
OR OBSTRUCTION, BUT NOT, EXCEEDING
15 MILES PER HOUR.
o1 |
290 5 % RESTRICTING | PROCEED AT RESTRICTED SPEED

290-A

STOP, THEN PROCEED AT RESTRICTED
SPEED.

29| SATN%P NOTE—WHERE, iN ADDITION TO THE
prOGEED | NUMBER PLATE, A LETTER G, GRAGE

MARKER, 1S DISPLAYED AS PART OF THESE
ASPECTS, RULE 290 APPLIES.
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RULE NO

’

CONRAIL , AMTRAK

SIGNAL NAME INDICATION
\
STOP
292 SIONAL STOP
s
LIMIT OF THE BLOCK
293 BLOCK-LIMIT| NOTE - YELLOW LIGHT TO BE PLACED
STATION NAME NEXT TO TRACK GOVERNED
.
Akrerecron (A] PROCEED PREPARED TO STOP AT NEXT
auTToNS BLOCK-LIMIT SIGNAL. TRAIN EXCEEDING
B B MEDIUM SPEED MUST AT ONCE REDUCE -
293-A L [ . APPROACH |TO THAT SPEED.
' BLOCK-LIMIT |NOTE - WILL NOT APPLY TO TRAINS
. AUTHORIZED TO PASS THE BLOCK-LIMIT
STATION AS THOUGH CLEAR BLOCK
: : . SIGNAL WERE DISPLAYED.
7
-
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DELAWARE AND HUDSON

RULE NO SIGNAL NAME INDICATION

280

© © ©
@ © © @ ©
28l 6 ® CLEAR PROCEED
% B @1 Z |

YELLOW

281-A

281-B

28I1-C

28I-D
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DELAWARE AND HUDSON

"IRULE NO. SIGNAL "NAME. INDICATION
. A
28I-E
@ I
9§ @ APPROACH ExT
PROCEED APPROACHING NEXT SIGNAL
282 @ @ MEDIUM AT MEDIUM SPEED .
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